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INTRODUCTION 
To Increase the genetic potential for grain yield in new 
varieties is the primary objective in most current wheat 
"breeding programs. Improving other attributes, such as grain 
quality, maturity date, favorable response to high fertilizer 
applications and lodging, shattering and disease resistance 
constitute important goals, also. 
The amazing success that Vogel et al. (1956) had in using 
short statured wheat lines has prompted considerable research 
and development with the so called "semidwarf" germ-plasm from 
Asiatic wheat strains. In 19^9» Vogel et al. (1951) released 
the wheat variety Brevor, which had short to medium plant 
height and excellent lodging resistance. Later, he (Vogel 
et al., 1956) extracted from the variety Norin 10, genes for 
short plant type that when placed in a genetic background 
adapted to the Northwest United States and Mexico gave very 
short plant height without a concomitant reduction in yielding 
capacity. 
These varieties, such as Gaines, Pitic 62, Penjamo 62 and 
Sonora 64, permitted the utilization of high rates of fertili­
zation, especially with nitrogen, without the usual lodging 
that occurred when standard varieties were fertilized heavily. 
Also, observations made by several wheat breeders indicated 
that the genetic potentials for certain yield components, e.g., 
spikes per plant, spikelets per spike and florets per spikelet, 
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and grain yield might be enhanced when the semidwarf trait was 
present in wheat varieties. 
The use of the semidwarf trait in wheat breeding programs 
could be more systematized and orderly if the mode of its in­
heritance and association with other traits were clarified. 
Therefore, my study investigated the following points: 
1. The inheritance of plant height in crosses involving 
normal and semidwarf wheat strains. 
2. The association of yield components with earliness, 
plant height and semidwarfness. 
3. The effect of genetic background on semidwarfness 
expression. 
4. The inheritance of awns and glume color, also. 
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REVIEW OF LITERATURE 
General Characteristics of Setnidwarfs 
Norin 10 wheat variety and its derivatives were called 
"semidwarf type" by Vogel et al. (1956) to distinguish them 
from "genetic dwarfs" or "grass clump types" reported by 
numerous wheat researches (Farrer, I898; Richardson, 1913; 
Neethling, 1918; Waldron, 1924; Goulden, I926; Thompson, I928; 
Nieves, 1930; Florell, 1931; Tingey, 1933; McMillan, 1937j 
among others). Semidwarf varieties ranged between 6l and 79 
cm tall whereas the short varieties Brevor and Elmar ranged • 
between 97 and 122 cm, and genetic dwarfs and grass clump 
types were 25 cm tall. They state "so far there appears to 
be no clearly defined dividing line between a semidwarf and a 
very short variety, nor between a semidwarf and a true dwarf." 
Norin 10 combined semidwarfness, lodging resistance and 
good kernel type but it had high floret sterility. Deriva­
tives from the cross Norin 10 x Brevor, were highly fertile 
and outstanding in yield. Most semidwarf derivatives from 
crosses of Norin 10-Brevor selections with normal wheats out-
yielded the normal parents and responded notably better to 
nitrogen fertilization. The sheaf weights of semidwarf strains 
were not particularly high, but their grain-to-straw ratios in 
all cases were higher than the standard varieties which sug­
gested an improved efficiency for grain production. Grain 
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yields for semidwarfs were 7123 kg/ha where Brevor yielded 
5040 kg/ha. Later, Gaines produced a record yield of 1^515 
kg/ha (Anonymous, 1966). In Mexico "the use of semidwarf and 
dwarf varieties has been directly responsible for increasing 
the national average of grain yield by 1000 kg/ha" (Rodriguez 
et al., 1967). 
Mekasha (1958) studied morphological characteristics of 
18 semidwarf and 4 normal wheat varieties utilizing Norin 10, 
Norin I6 and Seu Seun as sources of semidwarfism. His classi­
fication of plant height was tall = 115 cm, moderate short = 
101 cm, and short = 95 cm. When measured in replicated trials 
at 3 locations in Nebraska, the semidwarf selections were 21 
cm shorter than the tall varieties, Pawnee and Cheyenne, and 
produced higher yields, better grain--"traw ratios, better test 
weights and more kernels per spike. Contrary to expectation, 
the number of spikes was greater for the tall varieties than 
for the semidwarf selections. Correlation between plant 
height and grain yield was -0.59**^, between yield and tiller­
ing, -0.48*^, and between yield and kernels per head, O.67**. 
Plant height was not significantly correlated with weight of 
100 kernels and tillering. Head length, number of spikelets 
per spike, and number of kernels per spike were closely 
related, but grain yield was not correlated with any of the 
and ** will denote significance at the and 1% levels 
of significance, respectively, hereinafter. 
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component traits, and there was less leaf area on the semi-
dwarf plants than on the tall ones. In the continuation of 
the same study, Johnson et al. (1966b) noted the semidwarf 
varieties were 202 to 672 kg/ha more productive than tall 
growing ones. The relations of grain yield with yield com­
ponents were not particularly high, but in general, semidwarf 
strains were shorter, earlier, more lodging resistant, and had 
higher grain-straw ratios and more kernels per spikelet than 
did the tall varieties. In both papers the authors concluded 
that the reason for the greater efficiency of the semldwarfs 
was obscure. 
In Montana, McNeal et al. (I96O) grew 6 experiments in 
which 21 semidwarf selections from the cross Norln 10 x Brevor 
Sel. l4 were compared with standard varieties Centana and 
Thatcher and C.I. 12242 (selection from Pilot-Mlda x Lee). 
They found no evidence of yield superiority for the semidwarf 
strains even with heavy N fertilization. Differences in plant 
height were 13 cm and 23 cm under dryland and irrigation grow­
ing conditions, respectively; the standard varieties tillered 
more and had better grain weight than did the semldwarfs. 
Similarly, Stickler and Pauli (1961) who compared 7 semidwarf 
selections with Pawnee, Triumph and Quivira hybrid in Kansas 
for twi years, concluded "that typical semidwarf wheat would 
not be expected to vary greatly from standard height genotypes 
In major attributes other than height, Internode and peduncle 
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length." Root development and transpiration ratio were 
comparable for semidwarf and standard varieties. Plant 
heights were 86-88 cm for the normals and 71-86 cm for the 
semidwarfs. 
Vogel et al. (1963), from a summary of data for five 
years, suggested a general pattern for "efficient varieties" 
as those that combine "high tillering capacity, early spring 
recovery of growth (for winter types), high lodging and 
shattering resistance, coarse awns, medium semidwarf plant 
height, medium culm diameter and head size, and medium to 
small length and width of leaf." Selection 101 and Gaines 
fitted this pattern and any departure from it caused lower 
efficiency for grain production. 
In Texas, Porter et al. (1964) found that semidwarf wheat 
selections yielded better than normal varieties under favorable 
conditions but equal to or less under dryland. Under favorable 
conditions short wheats produced 952 kg/ha more grain yield 
than did the normal varieties and their tillering capacities 
were 3'33 and 2.92 tillers per plant, respectively. 
Chromosome Irregularity 
Prom the commercial varieties Beseler's Brown and Shirno 
which normally grow I60 cm and 13O cm tall, respectively. 
De Vilmorin (1913) selected short plants 80 cm and 100 cm tall, 
respectively. Progenies from these included both tall and 
short plants. The tall ones bred true but the short ones 
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segregated tall and short plants generation after generation 
In a ratio 2.35 tall : 1 short, and occasionally a bushy plant 
which never headed. Engledow and Wadham (1926) by applying 
special treatments, were able to get De Vilmorin's bushy plants 
to bear heads but they were sterile. They suggested these 
plants were caused by chromosome irregularities. Later, 
Huskins (1931) found that the chromosome irregularity interpre­
tation was correct—normal plants had 42 chromosomes, short 
plants had 43 and bushy plants had 44. Quadrivalent associa­
tions were frequent in normal plants and the extra chromosome 
in the short plants usually paired in a trivalent. 
Cytogenetics of Dwarfness and Semidwarfness 
From cytogenetic studies with wheat. Sears (1954) suggest­
ed that homoeologous group 2 chromosomes (2A(II), 2B(XIII), 
and 2D(XX)) directly influence plant height and dwarf expres­
sion. The nullisomics in this group produced plants that were 
dwarfed, reduced in tillering and female sterile. Trisomies 
and tetrasomics had small stems and narrow leaves. Genes which 
controlled internode length were located on the left arm of 
chromosome 2A and 2D, and on the right of 2B. 
Using chromosome substitution lines, Kuspira and Unrau 
(1957) concluded that plant height was controlled by genes at 
loci on chromosomes 3B(III), 5B(V), 6A(VI), 7B(VII), 5A(IX), 
r,B(X), 3A(XII)^ and 5D(XVIII). Kurd and McGinnis (1958) and 
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Hurd (1961), crossed the 21 monosomies (group 1) and 21 
disomies (group 2) of Redman with Kenya Farmer. In the first 
group all plants were dwarfs, except those involving lines 
^B(VIII) and 2B(XIII) which segregated dwarfs and normals in 
ratios of 4 : 2 and 3:3» respectively. From these two lines, 
all dwarf plants had 42 chromosomes whereas all normal plants 
were monosomic. In the second group, a few normal height F^ 
plants occurred which was attributed to heterozygosity at the 
dwarfing locus in the parents. They concluded complementary 
genes at three loci conditioned dwarfing in these two varieties, 
one each on chromosomes 4B and 2B of Redman and one from Kenya 
Farmer. 
Allan and Vogel (I963) analyzed the semidwarfing system 
of a Norin 10-Brevor l4 derivative by crossing it to each of 
the 21 monosomies of Chinese Spring. Their results showed the 
expression of culm length was complex involving at least 11 
chromosomes, 3 from homoeologous group 2(2A, 2B and 2D), 3 
from homoeologous group 4(4A, 4B and 4D), and 3A and 3D, all 
8 of which reduced height, and 3 from homoeologous group 
5(5A, 5B and 5D) that increased culm length. From F^ analysis 
of Norin 10-Brevor l4 x disomic Chinese Spring, they concluded 
2 genes determined semidwarfism because I/I6 of the plants 
were in the short parent height range. 
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Genetics of Dwarfness 
As recognized by Morrison (1957)» no study has yet shown 
whether dwarfing, semllethallty and lethality genes are repre­
sented in the same or different genetic systems. He suggested 
that semldwarfness was not related to dwarfness because Norin 
crosses produced shortened plants but no dwarfs. Contrariwise, 
Everson et al. (1957), and Allan et al. (I96O) found dwarfs in 
crosses between semidwarf and normal height varieties. 
Morrison (1957) considered that no distinct differences existed 
between some dwarfs and some semilethals, and suggested the 
semldwarfness trait may have originated in a certain geographi­
cal region. Dwarfness inheritance in some wheat crosses was 
simple but complex In others. He found no clear cut ratios 
and stated "were so diverse and inconsistent that no hypothesis 
could be formed that would apply to more than one cross." 
Freeman (1919), from two crosses, concluded that plant height 
was polygenlcally controlled. 
Richardson (1913) found grassy dwarf wheat plants in the 
Pg of 12 crosses, 6 of which involved Indian varieties as 
parents, that were extremely early, drought resistant, and 30 
to 38 cm tall. The dwarf descendants were 23 cm tall and only 
9^ formed grain. Later, Richardson (1924) found additional 
grassy dwarfs (15 to 20 cm tall) In the of crosses between 
Australian and Indian varieties, so he suggested the Indian 
varieties as a probable source of the dwarfing genes. 
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According to Nieves (1937) and Stewart (I928) tallness 
was dominant and plant height was controlled by 2 independent 
gene pairs. Several other researchers (Clark, 1924; Granhall, 
1946; Clark and Hooker, 1926; Stewart, 1926; Stewart and 
Haywood, 1929), reported that tallness was partially dominant 
to shortness in wheat crosses, and from P^'s among 26 wheat 
varieties, Rosenquist (1931) found tallness partially dominant 
and few cases of heterobeltiosis; however plant height 
values below those of the mean parent and low parent made him 
assume 2 or 3 incompletely dominant factors for growth depres­
sion in the pure wheat lines. 
Farrer (I898) described "compact grass-clump type" wheat 
plants with leaves stiffer, narrower and more erect than 
normal plants. Such dwarfs rarely produced spikes. He 
(Farrer, I898) found a dwarf plant in a field of Hornblende 
variety which produced uniform progeny. In the F^ of the 
cross Hornblende x Summer Club, he found early dwarf plants 
and noted that grassy dwarf wheat plants often segregated from 
crosses between very diverse varieties. Usually when grassy 
dwarf plants were present, a poor stand resulted suggesting 
low viability of these types. 
F^'s from the cross Bluestem x Amby grown in the field and 
greenhouse by Sax (I921), developed normally until the plants 
were 15 to 20 cm tall, but then stopped elongating and pro­
duced numerous tillers. Field-grown plants died and greenhouse-
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grown ones had not headed at five months. The author assumed 
an inhibitor or lethal factor was responsible. Similar results 
and interpretation were given by Hebert and Middleton (1955) 
for dwarf P^'s from the cross Atlas 66 x Quanah. Knott and 
Anderson (1956) obtained sterile dwarf plants from the 
crosses Gabo x Marquis, Gabo x Red Egyptian, Timstein x 
Marquis, and Timstein x Red Egyptian, but no genetic interpre­
tation was possible. 
The grassy dwarf wheat plants found by Kostyuchenko 
(1936) among P^'s and Fg's had low survival rates. Under 
artlc conditions the Pg ratio was 9 non-viable dwarfs ; 7 
viable normals, suggesting a system of 2 complementary factors 
designated L and T. Novinka variety carried LLtt and loman II 
carried IITT. Prelude and Standard produced P^ dwarfs when 
crossed with Novinka and loman II which caused him to assume a 
multi-allelic condition at the L and T loci. Hermsen (1957) 
Interpreted the occurrence of grassy dwarf P^ plants in 7 
wheat crosses, as due to 2 loci with multi-allelic series of 
genes, also. 
Neethling (I9I8) reported that 3 of 14-9 selections from 
Union wheat variety produced dwarf plants that were late and 
produced shriveled seed. From the crosses Rieti (153 cm) x 
Gluyas Early (l43 cm), and Florence (136 cm) x Gluyas Early, 
the P^ plants were normal, but in the F^, 3 of 15 and 5 of I6 
plants were dwarfs. In a field of Marquis wheat (102 cm), 
Cutler (1919) found a dwarf plant (23 cm) that bred true. 
Hayes and Aamodt (I923) tested the hypothesis that in­
heritance of the dwarfness trait in wheat resulted from the 
action of 2 gene pairs, a dominant for dwarfness (D) and an 
inhibitor (I). In the of Marquis x Kota, dwarf, plants 
appeared which produced only dwarf plant progenies. They 
assumed the parent genotypes were DDII and ddii, respectively, 
which would result in an ratio of 13 normals : 3 dwarfs. 
They obtained 666 normals and 121 dwarfs which was a good fit 
to the expected ratio. Reciprocal crosses of Marquis x Hard 
Federation studied by Clark and Hooker (1926) produced Fg 
ratios that approximated the 13 normal ; 3 dwarf ratio, also. 
Ratios found by Goulden (I926) for the crosses Marquis x 
Kota and Chul x Marquis supported the hypothesis of a dominant 
factor for dwarfness and an inhibitor of dwarfness expression. 
He postulated DDII as the genetic constitution for Kota and 
Chul, and ddii for Marquis. In the F^ of Chul x Marquis, 
lagging chromosomes at reduction division caused some devia­
tions from the expected ratio. Clark and Quisenberry (I929) 
re-studied the Marquis x Kota cross and confirmed the 2-factor 
hypothesis of Hayes and Aamodt (1923) and Goulden (I926). 
Genetic analysis of the cross Master x Federation led Stephens 
(1927) to hypothesize that 2 loci were responsible for the 
dwarf-normal height expression and the proposed genotypes were 
DDII for Master and ddii for Federation. Like Richardson 
(1913, 1924), he suggested that these dwarfness genes origi­
nated from Indian wheat varieties. Master and Federation had 
Indian variety ancestors. Stewart and Tingey (1928a, 1928b) 
in the of Marquis x Federation, obtained l68 dwarf plants 
to 786 normal ones, which fitted the 13 : 3 ratio and the 2-
gene explanation. From the cross Florence x Hard Federation, 
both normal in plant height, Churchward (1930) got 51 grassy 
dwarf plants to 26l normals, which fitted a 13 : 3 ratio and 
the DI gene system explanation. 
Work of Nieves (1930) in Argentina also supported the DI 
hypothesis in a cross between the normal varieties Barletta 
and Florence. All F^ plants were normal in height (110 cm) 
and the families segregated normals and dwarfs in a 13 : 3 
ratio. He labelled the pairs of genes, E, dominant for dwarf-
ness, and N, for the inhibitor of E. Genetic constitutions 
were eenn for Barletta and EENN for Florence. Among numerous 
crosses studied by Waterhouse (1930), 27 produced dwarfs in 
the F^ and 36 produced them in the F^. The F^ data of 33 
crosses fitted a 13 : 3 ratio of normals to dwarfs, thus sup­
porting the DI genetic explanation, but in 3 crosses the ratio 
was 15 : 1 of normals to dwarfs, suggesting duplicate gene 
action with dominance for normal plant height. Stewart and 
Bischoff (1931) showed that F^ data from the cross (Sevier x 
Dicklow) X Dicklow supported the interpretation of one dominant 
factor D, and an inhibitor I operating in the Inheritance of 
plant height. Tingey (1933) using data from 15 wheat crosses 
and observations on the occurrence of dwarfing in 77 ot?:ers, 
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supported the DI genetic system for dwarfing. Dwarfing was 
caused primarily by shortening of the second and third inter-
nodes from the base of the plant. Waldron (1924) studied the 
inheritance of dwarfness in the crosses Marquis x Kota, Red 
Fife X Kota and Red Bobs x Kota. He found family ratios of 
normals to dwarfs that fit 1 : 0, 3 î 1j 13 î 35 55 î 9 » 
15 : 1 and 63 : 1. One Fg dwarf plant produced families 
with ratios of normals to dwarfs that fit 1 : 0, 0 : 1, 1 : 3, 
7 : 9 J 1 : 15 J 1 : 63, and 1 : 29. No simple genetic hypothe­
sis could account for all of these ratios, so he suggested the 
following mode of inheritance: (a) a factor, N, dominant for 
normal plant height over dwarfness; (b) an activator gene, A; 
and (c) a dominant gene D for dwarfing. A and D were comple­
mentary genes for dwarfness in the absence of W. Besides, a 
"labile condition of various genes" was assumed so that 
"certain genotypes ordinarily producing plants of normal 
height become so modified that genes for dwarfness are changed 
to genes for normal height, and vice-versa." 
Florell (1931) found that plants of Tritlcum vulgare x 
Trlticum compactum crosses were normal for height, and the 
backcrosses to Trlticum compactum and Tritlcum vulgare, respec­
tively, produced ratios of 7 normal : 1 dwarf, and the Fg ratio 
was 55 normal : 9 dwarf. These data suggested the action of 
3 gene pairs, 2 dominant and complementary for dwarfness, 
and Dg, and a dominant factor N, that inhibited and Dg 
expression. Also, Ahluwalla and Slkka (1962) explained 
plant height ratios from 5 wheat crosses as dependent on the 
action of 3 gene pairs, 2 complementary and dominant, Ga and 
Gt) and an inhibitor, I. Thompson (I928) reported dwarfness 
Inheritance in wheat involved the interaction of genes at 3 
loci, a dominant dwarfing gene D, a gene, I, that inhibits the 
D gene, and another inhibitor, E, which prevents I of acting 
on D. 
Florell and Martin (I936) Interpreted their Pg wheat data 
on a basis of 3 factor pairs operating in a modified comple­
mentary factor system where E, a second dwarfing gene, cannot 
produce dwarfness alone, but with D nullifies the Inhibiting 
action of I. This assumed interaction of 3 genes led to an 
expected Pg ratio of 39 dwarf : 25 normal plants. Neethling 
(1929) using Pg data, postulated that dwarfness in wheat was 
due to 3 factor pairs. A and B genes, both conditioning normal 
height, and I, was an inhibitor of the B but not A. 
Over an eight-year period, McMillan (1937) investigated 
97 wheat varieties in 9^5 crosses, carrying all of them throu^ 
the F^, all the fertile crosses into the Fg generation, about 
30 to the F^f and several to the F^. He constructed a series 
of "tester" varieties that could be used to assay the genetic 
constitution of unknown varieties for dwarfness factors. He 
concluded 4 pairs of genes interacted to differentiate normal 
from dwarf plants in wheat, one dominant for the production of 
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grassy dwarf condition (G), a gene (I) that Inhibited the action 
of G, and 2 complementary genes (A and B) that when present 
together inhibited the action of I over G, allowing the ex­
pression of the .dwarf condition. This was similar to the 
interpretation by Thompson (1928) except that Thompson's gene 
E is replaced by A and B. McMillan (1937) was unable to prove 
whether the gene pairs B and I were closely linked in repul­
sion or due to one pleiotropic locus, Bi = m 1, and bl = m 2. 
He assumed that variation in dwarfness expression was due to 
minor modifying genes or growing conditions. The 4-gene ex­
planation with modifying minor genes also explained the results 
of Richardson (1924), Waldron (1924), Goulden (1926), Thompson 
(1928), Waterhouse (1930) and Plorell (1931) satisfactorily. 
Another hypothesis for dwarfness inheritance in wheat was 
suggested by Hsu et al. (1955) on the basis of data from the 
and of diallel crosses among the varieties Kenya 338 
AC.2.E.2, Timstein, (Na 101-Timstein) x Mayo, Frontana and 
Marquis. The F^'s of crosses between Kenya 333 AC.2.E.2 and 
the last 3» and between Tlmstein and the last 2 were dwarfs and 
the Fg's from these crosses segregated 9 dwarfs ; 7 normals. 
In all other crosses the F^'s were normal height. To explain 
these results, the authors postulated 4 loci A, B, C and D 
interacted complementarily, so that specific combinations of 
dominant genes produced dwarfs. Interaction between A and C, 
A and D, and B and D, resulted in dwarfs, whereas interactions 
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between A and B, B and C, and C and D gave normal plants. The 
results of Pao and co-workers (19^3j 1944) could be explained 
on the basis of 4 Interacting loci, also. At 3 loci a combina­
tion of D 1, D 2 and D 3 Interacted complementarlly to produce 
dwarfness, and at the 4th locus was an Inhibitor gene, I, 
which negated the effect of D 1, D 2 and D 3 to give normal 
plants. 
Generally, the genetic mechanism responsible for the semi-
dwarf condition in wheat has been considered independent of 
that responsible for dwarfness, but Everson et al. (1957) 
obtained dwarf plants when BUrt was crossed with Nrn.lO-
Bvr. 1978. Also, the cross of Burt with another semldwarf 
selection, (Nrn.lO-Bvr. l4) produced an intermediate P^, but 
numerous dwarf plants were obtained In the F^. These authors 
found a 2- or 3-gene difference between the normal height and 
semldwarf parents and they classified the genetic constitutions 
of the Varieties as Burt DDIIee; Nrn.lO x Bvr.l4 ddiiee; and 
for Nrn.lO x Bvr.1978 ddliEE. No distinction between semi-
dwarf and dwarf systems was suggested. 
Allan et al. (I96O) explained the Fg results from the 
cross of semldwarf 7524(Nrn.lO x Bvr.) x Burt on the basis of 
the system which gave 13 normal : 3 dwarf. 
Genetics of Semidwarfness 
Allan and Vogel (1964) Investigated the genetic system 
responsible for the semidwarfism trait in wheat utilizing 
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diallel crosses among the normal variety, Burt, and the semi-
dwarf selections, Seu Seun 2?, Suwon 92, Nrn. 10-Bvr. l4 and 
Nrn. 10-Bvr. 2238. The semidwarf condition was due to 2 inde­
pendent genes and Nrn. 10-Bvr. l4 and Suwon 92 possessed both 
of them. Selections with intermediate height, such as Seu 
Seun 27 and Nrn. 10-Bvr. 2238, possessed one semidwarfing gene. 
Mandpuri and Poote (1958), from studies on crosses of 
Norin 10 with the normal varieties. Alba, White Winter and 
White Holland, found tallness was partially dominant over 
shortness and a small number of genes controlled expression of 
plant height. Merkle and Atkins (1964) came to a similar con­
clusion on the basis of a cross of a semidwarf strain, Norin 
10 X (Nebraska 60 x Mediterranean-Hope) with Milam, a normal 
height variety. Culm length data for plants from crosses 
of semidwarf x normal height wheat varieties were tested by 
Allan et al. (I961) for normality (by the procedure outlined 
by Leonard et al., 1957) and used to calculate heritability 
percentages. The distributions were not normal and the herit­
ability values were very high, suggesting that the inheritance 
of culm length was controlled by few genetic factors. 
Powell (1958) and Powell and Schlehuber (I967) studied the 
inheritance of the semidwarf condition in 2 wheat crosses 
between selections of Norin 10-Brevor and the medium tall 
variety Concho, and found one major nondominant gene controlled 
most of the plant height variability. The plants were of 
19 
intermediate height suggesting basically additive genetic 
effects. Johnson et al. (1966a), studying a cross between 
Seu Seun 2? (carries one gene for semidwarfism) and the normal 
height variety, Blue Jacket, concluded gene action responsible 
for plant height was primarily additive. The number of genes 
controlling plant height was calculated as three. 
Finally, the CIMMYT^ breeders refer to semidwarf (E^), 
double dwarf (E^) and triple dwarf (E^) wheats (CIMMYT, I968) 
suggesting that a 3 gene pair genetic system controls semi-
dwarfness in wheat. 
Summarizing the available information about the genetic 
mechanisms that controls dwarf and semidwarf plant height in­
heritance in wheat, it appears that dwarfness and semidwarfness 
are independent traits whose responsible genes may be simul­
taneously present in the same genotype (Everson et al., 1957» 
Allan et al., I960). Dwarfs may be produced by semilethal 
genes (Sax, 1921; Kostyuchenko, 1936; Hebert and Middleton, 
1955 ; Knott and Anderson, 1956; Hermsen, 1957) which produce 
high mortality, and by dwarfing genetic systems (all of which 
consider at least 1 inhibitor gene pair) of 2 gene pairs (Hayes 
and Aamodt, 1923; Clark and Hooker, 1926; Goulden, 1926; 
Stephens, 192?; Stewart and Tingey, 1928a, 1928b; Clark and 
Quisenberry, 1929; Churchward, 1930; Stewart and Bischoff, 
I93I; Tingey, 1933; Everson et al., 1957; Allan et al., I96O), 
^CIMMYT = Centro Internacional de Mejoramiento de Maiz y 
Trigo. 
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3 gene pairs (Waldron, 1924; Thompson, 1928; Neethling, 1929; 
Plorell, I93I; Florell and Martin, 1936; Everson et al., 1957; 
Ahluwalia and Sikka, I962), and 4 gene pairs (McMillan, 1937; 
Hsu et al., 1955; Pao et al., 1943, 1944). Semidwarfness may 
be due to a small number of recessive genes (Nandpuri and 
Foote, 1958; Allan et al., I96I; Merkle and Atkins, 1964), and 
more specifically to a single pair of genes plus modifiers 
(Powell, 1958; Powell and Schlehuber, I967), 2 independent gene 
pairs with equal effects (Allan and Vogel, 1963» 1964), and at 
least 3 gene pairs (Johnson et al., 1966a). 
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MATERIALS AND METHODS 
Materials and Field Methods 
My experiments were conducted at the Santa Catalina 
Experimental Station, Quito, Ecuador, during I965 and I966 on 
a highly productive soil to which was added 300 kg/ha of 10-
40-10 fertilizer. Two experiments were planted, hereinafter 
referred to as I965 and 1966, respectively. 
For experiment 1965s I used crosses among three "normal 
height" Ecuadorian wheat varieties, "Napo 63," "Crespo 63" and 
"Bonza 63," with three "shorter than normal" lines, "Wt„ -Nar 
59," "Son 64-Skg/Ang," and "Sonora 64" (see Table 1). The 
latter 3 are very-short, medium-short and tall-short, respec­
tively. The parent and F^ seeds of a cross were planted in a 
plot such that reciprocals were side by side and between their 
parents. Seeds were sown 20 cm apart in rows 5 m long and 
spaced 30 cm apart, and each block that contained all the 
crosses of one normal height variety had 3 border rows sown on 
each side. Each parental row contained 25 seeds whereas the 
number of F^ seeds varied (see Table 2). 
In the 1965 experiment, the following data were collected 
on an individual plant basis; plant height, splkelets per 
spike, spikes per plant, glume color and awn expression. For 
number of splkelets per spike, I counted only those splkelets 
that possessed fully developed florets and for spikes per 
Table 1. Attributes of wheat lines used as parents 
Lines Year Number Splkelets Spikes Yield 
of of per per per 
observa- plants spike plant plant 
tion (dg) 
Normal height: 
Napo 63 1965 
1966 
83 
243 
21.7 
19.3 
13.1 
14.2 324 
Crespo 63 1965 
1966 
82 
243 
19.0 
19.9 
16.2 
13.3 270 
Bonza 63 1965 
1966 
74 
276 
19.5 
19.5 
12.2 
11.9 200 
Shorter than normal height : 
Sonora 64 1965 
1966 
• 76 
286 
18.8 
18.2 
11.5 
11.2 53 
Son 64-Skg/Ang 1965 
1966 
81 
284 
21.2 
20.6 
15.5 
14.9 234 
Wt„ -Nar 59 
^3 
1965 
1966 
71 
287 
16.1 
15.9 
14.2 
12.5 143 
= resistant, MR = moderate resistant, VS = very 
susceptible.' 
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Mean Glume Awn Days P. pjlumarum P. Rraminis 
plant color expression to in in in 
height flowering leaf spike stem 
(cm) 
106 Brown Present - R R 
103 " " 79.4 
llU White Absent - MR R R 
106 " " 88.4 
113 White Absent - MR MR R 
108 " " 89.6 -
85 White Present - VS VS R 
79 '' " 79.7 
73  White Present - MR MR R 
67 " " 89.2 -
53 Wl'iite Absent - MR MR R 
53 " " 82.1 - -
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Table 2. Numbers of plants and mean plant height of P 's of 
reciprocal crosses grown in experiment I965 
Crosses Number of Number of Mean plant 
seeds sown plants height (cm) 
Napo 63 X Sonora 64^ 
Sonora 64 x Napo 63 
Napo 63 X Son 64-Skg/Ang 
Son 64-Skg/Ang x N^o 63 
23 
8 
15 
18 
21 
8 
14 
17 
102 
102 
98 
108 
Napo 63 X Wtg -Nar 59 
3 
Wt„ -Nar 59 X Napo 63 
Crespo 63 X Sonora 64 
Sonora 64 x Crespo 63 
/ O 
Crespo 63 X Son 64-Skg/Ang 
Son 64-Skg/Ang x Crespo 63 
12 
19 
10 
7 
23 
24 
12 
17 
10 
5 
21 
24 
90 
96 
108 
102 
100 
92 
Crespo 63 X Wt„ -Nar 59 
3 
Wtrp -Nar 59 X Crespo 63 
^3 
Bonza 63 x Sonora 64 
Sonora 64 x Bonza 63 
Bonza 63 x Son 64-Skg/Ang 
Son 64-Sk^/An3 x Bonza 63 
Ji ii 
Bonza 63 x Wt„ -Nar 59 
3 
Wtp -Nar 59 X Bonza 63 
3 
6 
8 
21 
17 
15 
13 
2 
6 
6 
6 
15 
15 
13 
13 
2 
4 
100 
100 
106 
110 
100 
102 
96 
98 
a. 
Female parent listed first. 
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plant I counted only those that produced normal kernels. 
Glume color was classified as brown or white, and awn expression 
as present or absent. Plant heights were measured in 2-cm 
classes from the ground to the tip of the spikes. 
For the I966 experiment I used a randomized block design 
with four replicates to test the parents and Pg populations of 
the nine crosses grown in I965. In,a,replicate the 3 crosses 
of a shorter parent with the 3 normal height varieties were 
sown side-by-side with plots of the parents distributed sys­
tematically among the plots. Each P^ plot was 5 rows and 
each parent plot was 1 row. There were 25 plants per row. 
In the 1966 experiment, the following data were collected 
on an individual plant basis: spikelets per spike (counted on 
the first head to bloom), spikes per plant (only those that 
produced grain), yield in dg, days from sowing to first bloom, 
plant height, glume color and awn expression (same procedures 
as in the 1965 experiment). 
The experiments were hand weeded and the plants were 
sprayed with insecticide (Thimet) four times during the season 
and a fungicide (Poliram Combi) every 15 days from planting to 
maturity. 
Data from the 1965 and I966 experiments were utilized to 
investigate the mechanisms of inheritance for plant height, 
glume color and awn expression in the materials studied, and 
the statistical computations to determine associations among 
plant height, yield, yield components and earliness. 
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Methods of Analysis 
Plant height genetic analysis 
To ascertain the pattern of plant height inheritance I 
used the following procedure of analysis for each cross: 
1. I computed the parental means (P^ and Pg), the 
mean (F^), the F^ mean (Fg), the midparent value (MP) and the 
average parent standard deviation (s). 
2. Degree of dominance displayed for plant height in the 
and Pg was determined with the following formulas; 
(a) = TP^ - MP^^, (b) Dg = TPg - MP^, 
F_ - MP. 2(F - MP ) 
^1 " ^2 " ' 
where D = differential, d = degree of dominance, TP = taller 
parent mean, 1 = parent data from 19^5 experiment, and 2 = 
parent data from I966 experiment. 
3. I assumed a tentative genetic hypothesis that the par­
ents of a cross differed by one pair of genes for plant height. 
4. Expected plant height values for the genotypes 
were computed on the basis of additive gene action utilizing 
the parent variety data collected in the 19^5 experiment. 
5. Next, I multiplied each expected F^ genotypic class 
differential (D^ = Difference between the homo- and hetero-
zygote genotypes, i.e., AA-Aa) by d^, to obtain the dominance 
value (if any). 
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6. Then by summing the additive and dominance components 
I obtained the plant height values for each genotype. 
7. Also the same procedure (steps 4, 5 and 6) was followed 
with parent variety data collected In the I966 experiment. 
8. The expected for a cross was calculated as follows; 
Z(M. X f, ) 
E(F ) = -——5-. 
^ J 
wliere = expected mean of the 1th genotype and f^ = expected 
frequency of the ith genotype. 
9. The EfPg) values were compared to the observed via 
a "t" test to choose whether d^ or d^ was the better estimator 
of the parameter, d. 
10. For each Fg array of genotypes, I assumed the range 
of a genotyplc class was equal to 2s and centered on the 
expected mean, i.e., M + s. If 2 or more genotyplc classes 
overlapped considerably, expected frequencies of two or more 
classes were combined for tests of goodness-of-fit, e.g., in 
an expected 1:2:1 ratio it was sometimes necessary to 
adopt a 3 : 1 because the first two classes were not distinct 
from one another. 
11. If a height class belonged to two overlapping but 
separable genotyplc ranges, the individuals in that class were 
distributed to the two genotypes in proportion to their rela­
tive expected frequencies. Similarly, if a height class was 
included in neither of two contiguous genotyplc ranges, the 
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individuals In this class were distributed to the two neigh­
boring genotypes in proportion to their relative expected 
frequencies. 
12. Next, a Chi square test was run to test the "good-
of-fit" of the observed ratios to expected ones. If a given 
inheritance hypothesis provided a nonsense division of the 
range of plant heights in an distribution, or if the genetic 
hypothesis tested did not fit my data, another, and usually 
more complex, genetic hypothesis was tried by repeating the 
steps just outlined. 
Glume color and awn expression genetic analyses 
These two traits were analyzed for inheritance pattern 
using F2 plant data from crosses in which the parents differed. 
Goodness-of-fit tests between observed and expected ratios 
were performed assuming segregation at a single locus for each 
trait. When a cross, such as Napo 63 x Wt„ -Nar 59j segregated 
for glume color and awn expression simultaneously, a Chi 
square test for independence of inheritance of glume color and 
awn expression was possible. 
Association of characters 
Data for five measured traits (spikelets per spike, spikes 
per plant, yield per plant, plant height, and days to flowering) 
collected from the parent and F^ plants were employed for 
computation of phenotypic, genotypic and environmental 
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correlations among them using the following formulas: 
r 
Cov.Fp 
ÏÏL 
^(Var.Fg ) (Var. ) 
r 
Gov.P. - Cov.P 
CT % 
^xy V(Var.F^ - Var.P ) (Var.P„ - Var.P^} 
-V ^ y 
r 
®xy |/(Var.P^) (Var.P ) 
where r^ = phenotypic correlation, r^ = genotypic correlation, 
r^ = environmental correlation, P = midparent value, and x,y = 
characters associated, i.e., x = yield, y = plant height. 
Genotypic, phenotypic and environmental variances and covari-
ances were estimated for each cross as follows: 
Var.g = Var.Fg - Var.P 
Var.p = Var.Fg 
Var.e = Var.P 
Gov.g = Gov.Fg - Gov.P 
Cov.p = Cov.Fp 
Cov.e = Gov.P 
where Var. = variance, Gov. = covariance, g, p and e = geno­
typic, phenotypic and environmental, respectively, and P = 
midparent value. Glume color was coded as 2.0 = brown and 
1.0 = white, and awn absence and presence were coded as 2.0 and 
1.0, respectively. 
30. 
Herltabillty percentages 
Herltabillty percentages were calculated by the following 
formula: 
2 2 
H = — X 100, 
2 
where H = herltabillty percentage, cTp = variance and 
2 ^ 
u— = midparent variance. 
Expected response from selection 
Genetic gains from selection were estimated with the 
following formula: AG = Hia^, where AG = expected response 
from selection, 1 = selection intensity in standard units, 
i.e., for 10% of the population selected 1 = 1.75^» and 0"^ = 
phenotyplc standard deviation. 
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EXPERIMENTAL RESULTS 
Genetic Analyses of Plant Height Inheritance 
In total, my study involved nine wheat crosses, for which 
data were available from the parents, the and reciprocal 
Fg's. In no cross was there evidence for differences between 
reciprocal populations, so for analyses the frequencies of 
plant heights were pooled (Tables 3-11). 
Differentials (D) and degrees of dominances (d) were cal­
culated for the nine crosses with data collected from the F^ 
(1965) and Fg (I966) experiments (Table 12). When only one 
pair of alleles was segregating for plant height, d would refer 
to that locus only, whereas when two pairs were segregating, d 
was an average value for both loci. This averaging of domi­
nance degree could lead to some estimation er^^rs, but under 
the circumstances of my experiments, no other method of esti­
mation was possible. Partial dominance for tallness was dis­
played in each cross, ranging from 0.12 to 0.82 for and 
0.19 to 0.90 for dp. The correlation of d^ with dg values was 
0.83**, indicating that the degrees of dominance shown by the 
various crosses were relatively similar in and F^. When 
6 3 
the two semidwarf lines, Sonora 64 and Son 64-8kg/Ang, were 
crossed to the three normal varieties, Crespo 63 tended to 
show the lowest d^ and d values, but in crosses with 
Wt„ -Nar 59> all three normal varieties produced crosses in 
3 
which the d^ and dg values were approximately equal. 
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Table 3. Plant height frequency distributions, means, vari­
ances, standard deviations and coefficients of 
variation for parents and Fp populations of Napo 63 
X Sonora 64 cross 
Plant height 
classes 
(cm) 
Napo 63 
Napo 63 
X 
Sonora 64 
Sonora 64 
X 
Napo 63 
Pooled 
P2 
data 
Sonora 64 
40-42 
44-46 
48-50 
52-54 
56-58 
60-62 1 1 
64-66 2 
68-70 1 1 2 14 
72-74 7 - 7 43 
76-78 14 5 19 63 
80-82 27 20 47 115 
84-86 1 58 21 79 43 
88-90 5 55 46 101 9 
92-94 11 70 57 127 1 
96-98 31 45 65 110 
100-102 77 66 72 138 
104-106 73 34 60 94 
108-110 45 24 50 74 
112-114 4 10 20 30 
116-118 2 8 10 
120-122 1 3 4 
124-126 — 
128-130 — — 
132-134 1 1 
Number 247 4l4 430 844 290 
Mean 103 94 98 96 79 
Variance 22.7 87.2 84.6 93.6 20. 
Standard 
deviation 4.76 9.34 9.20 9.68 4. 
Coefficient of 
variability 4.6 10.0 9.4 10.1 5. 
^Female parent listed first. 
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Table 4. Plant height frequency distributions, means, vari­
ances, standard deviations and coefficients of 
variation for parents and F2 populations of Nape 63 
X Son 64-8kg/An3 cross 
Plant height Mapo 63^ Son 64^ Pooled / o 
classes Napo 63 X SkS/An^ Son 6^~Sk„/And 
(cm) Son 64- ^ da#a ^ ^ 
Sk^An^ Napo 63 
40-42 
44-46 
48-50 
52-54 1 
56-58 2 1 3 10 
60-62 11 2 13 53 
64-66 11 3 14 88 
68-70 10 9 19 88 
72-74 22 9 31 31 
76-78 44 13 57 15 
80-82 51 32 83 2 
84-86 1 38 29 67 
88-90 5 46 64 110 
92-94 11 46 51 97 
96-98 31 36 55 91 
100-102 77 57 59 116 
104-106 73 29 49 78 
108-110 45 19 44 63 
112-114 4 17 14 31 
116-118 8 11 19 
120-122 3 8 11 
124-126 1 1 2 
128-130 1 1 
Number 247 452 454 906 288 
Mean 103 90 95 93 67 
Variance 22. 7 175.8 128. 0 160.3 18.5 
Standard 
4.31 deviation 4. 76 13.25 11. 32 12.66 
Coefficient of 
variability 4. 6 14.7 11. 9 13.5 6.5 
^Female parent listed first. 
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Table 5* Plant height frequency distributions, means, vari­
ances, standard deviations and coefficients of 
variation for parents and F„ populations of Napo 63 
X Wtp -Nar 59 cross 
3 
Plant height 
classes 
(cm) 
Napo 63 
Napo 63 
X 
Wt„ -Mar 59 
3 
Wt„ -Nar 59 
3 X 
Napo 63 
Pooled 
^2 
data 
wt„ -m 
^3 
40-42 5 
44-46 1 1 30 
48-50 2 2 4 60 
52-54 3 2 5 106 
56-58 8 6 l4 72 
60-62 14 15 29 16 
64-66 24 19 43 2 
68-70 35 36 71 
72-74 39 43 82 
76-78 36 32 68 
80-82 43 44 87 
84-86 1 55 51 106 
88-90 5 45 34 79 • 
92-94 11 38 31 69 
96-98 31 34 39 73 
100-102 77 26 25 51 
104-106 73 20 20 4o 
108-110 45 16 14 30 
112-114 4 7 6 13 
116-118 2 5 7 
120-122 1 1 2 
124-126 2 2 
128-130 1 1 
Number 247 448 429 877 291 
Mean 103 84 8^ , 84 53 
Variance 22.7 192.6 212.4 202.9 17. 
Standard 
deviation 4.76 13.87 14.57 14.24 4. 
Coefficient of 
variability 4.6 16.5 17.2 16.9 7. 
^Female parent listed first. 
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Table 6. Plant height frequency distributions, means, vari­
ances, standard deviations and coefficients of 
variation for parents and Pp populations of Crespo 
63 X Sonora 64 cross 
Plant height Crespo 63 Sonora 64 Pooled 
classes Crespo 63 x x Sonora 64 
(cm) Sonora 64 Crespo 63 2 data 
40-42 
44-46 
48-50 
52-54 
56-58 
60-62 2 2 
64-66 1 1 2 
68-70 2 1 3 14 
72-74 7 6 13 43 
76-78 5 7 12 63 
80-82 35 22 57 115 
84-86 28 35 63 43 
88-90 45 60 105 9 
92-94 3 49 57 106 1 
96-98 17 56 57 113 
100-102 36 50 70 120 
104-106 73 31 47 78 
108-110 35 24 32 56 
112-114 15 16 12 28 
116-118 8 5 7 12 
120-122 6 3 9 
124-126 1 1 2 
128-130 
Number 247 363 417 780 290 
Mean 106 95 96 96 79 
Variance 18. 9 131.9 90.3 103.7 20. 
Standard 
deviation 4. 34 11.48 9.50 10.18 4. 
Coefficient of 
variability 4. 1 12.1 9.9 10.6 5 • 
^Female parent listed first. 
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Table 7- Plant height frequency distributions, means, vari­
ances, standard deviations and coefficients of 
variation for parents and Fg populations of Crespo 
63 X Son 64-8kg/Ang cross 
Plant height Crespo 63^ Son 64- Pooled Son 64-
™ s.n6,- 4^^ 4 
S3Cg/An| Crespo 63 
40-42 
44—46 
48-50 
32-34 2 • 2 4 1 
56-58 - - 10 
60-62 11 6 17 53 
64-66 15 6 21 88 
68-70 19 20 39 88 
72-74 20 32 52 31 
76-78 44 28 72 15 
80-82 42 40 82 2 
84-86 40 44 84 
88-90 48 49 97 
92-94 3 50 59 109 
96-98 17 50 48 98 
100-102 36 35 29 64 
104-106 73 19 22 4l 
108-110 95 16 23 39 
112-114 15 3 8 11 
116-118 8 2 4 6 
• 120-122 2 2 4 
124-126 — — — 
128-130 1 - 1 
132-134 1 1 
Number 247 419 423 842 288 
Mean 106 88 88 88 67 
Variance ^ 18.9 156.1 160.3 160.2 18.5 
Standard 
deviation 4.34 12.49 12.65 12.65 4.31 
Coefficient of 
variability 4.1 14.3 l4.4 14.3 6.5 
a 
Female parent listed first. 
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Table 8. Plant height frequency distributions, means, vari­
ances, standard deviations and coefficients of 
variation for parents and Po populations of Crespo 
63 X Wt„ -Nar 59 cross 
Plant height 
classes 
(cm) 
Crespo 63 
Crespo 6]f' 
X 
Wt„ -Nar 59 
3 
¥t„ -Nar 59 
Crespo 63 
Pooled 
data 
Wt„ -Nar . 
40-42 5 
44-46 30 
48-50 4 4 60 
52-54 3 4 7 106 
56-58 5 4 9 72 
60-62 12 13 25 16 
64-66 16 15 31 2 
68-70 25 27 52 
72-74 38 40 78 
76-78 43 44 87 
80-82 38 37 75 
84-86 56 53 118 
88-90 46 40 86 
92-94 3 49 49 98 
96-98 17 27 35 62 
100-102 36 21 20 4l 
104-106 73 23 22 45 
108-110 95 11 15 26 
112-114 15 7 9 16 
116-118 8 5 4 9 
120-122 4 4 
124-126 1 2 3 
128-130 1 1 
132-134 1 1 
Number 247 432 437 869 291 
Mean 106 85 86 86 53 
Variance 18.9 158.9 205.2 197.5 17.4 
Standard 
deviation 4.34 12.60 14.32 14.05 4.16 
Coefficient of 
variability 4.1 14.8 16.7 16.4 7.9 
^Female parent listed first. 
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Table 9- Plant height frequency distributions, means, vari­
ances, standard deviations and coefficients of 
variation for parents and populations of Bonza 63 
X Sonora 64 cross 
Plant height 
classes 
(cm) 
Bonza 63 
. a 
Bonza 63 
X 
Sonora 64 
Sonora 64 
X 
Bonza 63 
Pooled 
data 
Sonora 64 
40-42 
44-46 
48-50 
52-54 
56-58 
60-62 1 1 
64-66 2 2 2 
68-70 2 1 3 14 
72-74 2 3 5 43 
76-78 3 8 11 63 
80-82 11 20 31 115 
84-86 33 33 66 43 
88-90 3 35 48 83 9 
92-94 7 61 45 106 1 
96-98 10 65 50 115 
100-102 27 64 70 134 
104-106 64 50 65 115 
108-110 95 55 49 104 
112-114 49 30 21 51 
116-118 20 15 10 25 
120-122 4 14 7 21 
124-126 1 2 1 3 
128-130 2 1 3 
Number 280 447 432 879 290 
Mean 108 99 98 99 79 
Variance 29.8 112.2 107.8 106.9 20.5 
Standard 
deviation 5.47 10.59 10.36 10.33 4.65 
Coefficient of 
variability 5.1 10.6 10.5 10.4 5.9 
^'Female parent listed first. 
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Table 10. Plant height frequency distributions, means, vari­
ances, standard deviations and coefficients of 
variation for parents and populations of Bonza 
63 X Son 64-Skg/Ang cross 
Plant height Bonza 63^ Son 64- Pooled Son 64-
classes 
(cm) 
Bonza 63 x 
Son 64-
Skg/Ang 
Skg/An^ 
X 
Bonza 63 
Fg 
data 
Skg/An| 
40-42 
44-46 
48-50 
52-54 1 1 1 
56-58 — — 10 
60-62 5 8 13 53 
64-66 6 7 13 88 
68-70 l4 10 24 88 
72-74 29 11 4o 31 
76-78 20 28 48 15 
80-82 48 4o 88 2 
84-86 35 4l 76 
88-90 3 33 33 66 
92-94 7 49 36 85 
96-98 10 50 48 98 
100-102 27 51 55 106 
104-106 64 36 38 74 
108-110 95 34 31 65 
112-114 49 13 23 36 
116-118 20 11 19 30 
120-122 4 12 14 26 
124-126 1 2 8 10 
128-130 — -
132-134 2 2 
136-138 - 1 1 
l40-i42 1 1 
i44_l46 1 1 
Number 280 450 454 904 288 
Mean 108 93 95 94 67 
Variance 29.8 196.6 211.0 204.8 18.5 
Standard 
deviation 5.47 14.02 14.52 14.31 4.31 
Coefficient of 
variability 5.1 15.1 15.3 15.2 6.5 
^Female parent listed first. 
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Table 11. Plant height frequency distributions, means, vari­
ances, standard,deviations and coefficients of 
variation for parents and populations of Bonza 
63 X ¥t„ -Nar 59 
^ 
^ a 
Plant height Bonza 63 Wtp -Nar 59 Pooled 
classes Bonza 63 x 3 Fo Wt^-Nar 59 
(cm) Wtg^-Nar59 ^onza 63 data 5 
40-42 5 
44-46 1 1 30 
48-50 6 3 9 60 
52-54 6 5 11 106 
56-58 8 3 11 72 
60-62 15 22 37 16 
64-66 25 14 39 2 
68-70 17 25 42 
72-74 33 31 64 
76-78 46 37 83 
80-82 45 46 91 • 
84-86 45 57 102 
88-90 3 45 43 88 
92-94 7 47 36 83 
96-98 10 27 39 66 
100-102 27 16 25 4l 
104-106 64 19 20 39 
108-110 95 12 18 30 
112-114 49 2 5 7 
116-118 20 4 6 10 
120-122 4 4 4 8 
124-126 1 3 1 4 
128-130 1 1 2 
Number 280 426 442 868 291 
Mean 108 84 85 85 53 
Variance 29.8 227.4 220.8 219.8 17. 
Standard 
deviation 5.47 15.08 14.86 14.82 4. 
Coefficient of 
variability 5.1 18.0 17.5 17.5 7. 
ai 
^Female parent listed first. 
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Table 12. Differentials (D), degrees of dominance (d), expected Fg means (EfFg)) 
computed from (1965 experiment) and (I966 experiment) data and 
observed Fp means (F„) for the nine wheat crosses analyzed for plant 
height 
Cross 0% E(P ) Dg ECFg), Fg 
(cm) (cm) (cm) (cm) (cm) 
Napo 63 X Sonora 64 10.6 0.62 94.6#* 11.8 O.90 96.2 96.2 
Crespo 63 z SoAora 64 l4.4 0.40 95.4- 13-5 0.46 95.8 95.8 
Bonza 63 x Sonora 64 14.3 0.62 98.0* l4.4 O.78 99.1 99-1 
Average for Sonora 64 crosses 13-1 0.55 13-2 0.71 
Napo 63 X Son 64-8kg/An^ I6.3 0.82 92.1 18.0 O.90 92.8 92.8 
Crespo 63 X Son 64-Sk|/An^ 20.1 0.12 8?.7 19-7 O.19 88.4 88.4 
Bonza 63 x Son 64-5kg/An^ 20.0 O.39 9I.4** 20.6 0.6$ 94.0 94.1 
Average for Son 64-8kg/Ang crosses 18.8 0.44 19-4 0.58 
Napo 63 X Wt„ -Nar 59 26.4 0.51 84.1 25-0 0.54 84.5 84.5 
3 
Crespo 63 X Wt^ -Nar 59 30.2 0.55 86.8 26.8 0.46 85-6 85-6 
3 
Bonza 63 x Wt^ -Nar 59 30.1 0.46 85.6 27-6 0.33 84.1 84.8 
3 
Average for ¥t„ -Nar 59 crosses 28.9 O.51 26.5 0.44 
^3 
4^ M 
42 
The validity of a d^ estimate was tested by using it to 
compute an expected for the cross and comparing the latter 
to the observed via a "t" test. In three crosses, Napo 63 
X Sonora 64, Bonza 63 x Sonora 64 and Bonza 63 x Son 64-
Skg/An.^, the actual P. was significantly greater than the ex­
pected Pg, indicating that d^ values for these crosses were 
underestimates. Also, it may be pertinent that for the other 
crosses with Sonora 64 and Son 64-Skg/Ang, all d^ values were 
lower than the corresponding dg's, although not significantly 
so. 
Since the normal parents differed little in tallness, 
whereas the semidwarf ones differed markedly (Table 1), the 
genetic analyses were performed according to groups of semi-
dwarf crosses, one each for Sonora 64, Son 64-Skg/Ang, and 
Wt„ -Nar 59. 
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Por each analysis I began with the simplest genetic 
assumption, i.e., a single pair of alleles was responsible for 
height differences between parents. If a one-locus explana­
tion was not appropriate, I proceeded to more complex models 
as required. Apparently each of the normal parents, Napo 63, 
Bonza 63 and Crespo 63, differed from Sonora 64 by one gene 
pair for plant height (Table 13). In the crosses Napo 63 x 
Sonora 64 and Bonza 63 x Sonora 64, the expected (3:1) and 
observed ratios did not correspond well when d^ was used as 
the dominance degree for calculating genotypic class means, 
Table 13- Goodness-of-f1t tests for observed vs. expected Fo plant height ratios on 
assumption of segregation of one gene pair in each of the crosses of 
normal wheat varieties with Sonora 64 
Cross d Ratio 
tested 
Numbers of 
Expected 
Tall: Short 
plants 
Observed 
Tall : Short 
P 
Napo 63 X Sonora 64 
^1 3:1 633:211 658:182 3.95 
0
 1 
0
 
0
 .02 
^2' 3:1 633:211 638:206 0.16 0.70-0 .50 
Crespo 63 X Sonora 64 
^1 1:2:1 195:390:195 199:403:178 1.99 
0
 1 
0
 
0
 .25 
^2 3:1 585:195 602:178 1.97 0.20-0 .10 
Bonza 63 x Sonora 64 
^1 3:1 659:220 703:176 11.74 <0 .01 
^2" 3:1 659:220 687:192 4.75 
0
 1 
0
 
0
 .03 
^Better estimator of d (see Table 12). 
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but when dg's were used, the P. value for the Napo 63 x Sonora 
64 cross was acceptable (O.7O-O.50). For the Bonza 63 x 
Sonora 64, use of gave a P. value of 0.05-0.03 for a 3:1 
ratio, which is a borderline probability for acceptance. 
For the second group of crosses, those involving the 
X O 
semidwarf parent. Son 64-Skg/Ang, with the three normal parents, 
observed F^ plant height ratios did not fit the 3:1 or 1:2:1 
ratios expected if one gene pair was segregating, so I tested 
against ratios expected with segregation of two gene pairs. 
When two loci were assigned equal effects upon the plant 
height differences between the normal parents, Napo 63, Crespo 
63 or Bonza 63, and the semidwarf. Son 64-Skg/Ang, the ob­
served Fg ratios gave unacceptable fits to those expected with 
the two-gene model. So, an adjustment was made to give one 
locus twice the effect (26 cm) of the second (13 cm). This 
was in keeping with differences observed among the parents: 
the height difference between the normal parents and Sonora 64 
was approximately 26 cm and between Sonora 64 and Son 64-
Skg/Ang it was approximately 13 cm. 
The numbers of F^ height classes that could be detected 
from my data were variable depending upon the degree of over­
lapping that occurred between adjacent classes; therefore, 
certain groups of genotypic classes had to be pooled for the 
goodness-of-fit tests. Using d^ and dg, respectively, showed 
6 3 that the observed F^ numbers for Napo 63 x Son 64-Skg/Ang 
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fitted a 12 tall;3 intermediate;1 short ratio and for Crespo 63 
X Son 64-Skg/Ang the data fitted a 10 tall;5 intermediate ;1 
short ratio (Table l4). With d^, the observed numbers for 
Bonza 63 x Son 64-8kg/Ang fitted a 10 tall;5 intermediate ;1 
short ratio, but with d^ the only ratio discernable.was 15:1. 
In all three crosses in this group, the Pg observed ratios for 
plant height suggested that Mapo 63, Crespo 63 and Bonza 63 
6 3 
each differed from the semidwarf Son 64-8kg/An^ by two gene 
pairs that segregated independently and that semidwarfness was 
recessive at both loci. One locus contributed twice as much 
effect on plant height as did the second and the effects of the 
two loci were additive. 
The third group of crosses involved Napo 63, Crespo 63 
and Bonza 63 mated to the shortest semldwarf wheat line, 
Wtp^-Nar 59- The data for P^ plant heights for this cross 
would not fit ratios expected if one gene pair was segregating, 
so the next model tried postulated two loci each contributing 
an equal effect (26 cm). Obviously, when the d^ values were 
used to calculate genotypic classes, the expected ratio with 
the two locus model (i.e., 9 tall;6 intermediate ;1 short) was 
very similar to the P^ observed ratio for the crosses involving 
Napo 63 and Crespo 63 (Table 15). For the cross Bonza 63 x 
Wt„ -Nar 59» the observed ratio of tall + intermediate : short 
3 
fitted a 15:1 ratio well, but this was not a very definitive 
test. In fact, when I tested this cross for the 9 tall;6 
Table l4. Goodness of fit tests for observed vs. expected F2 P^^nt height ratios on 
assumption of segregation of two gene pairs (different gene effects) 
in each of the crosses of normal wheat varieties with Son 64-Skg/An^ 
Number of plants „ 
Cross d Ratio Expected Observed X P 
tested Tall:Inter- Tall :Inter­
mediate : Short mediate ; Short 
Napo 63 
Son 64-Skg/Ang 
Crespo 63 
Son 64-Skg/Ang 
Bonza 63 
^ 63 Son 64-Skg/Ang 
12:3:1 
12:3:1 
679:170:57 
679:170:57 
670:170:66 
670:170:66 
1.54 
1.54 
0.50-0.30 
0.50-0.30 
10:5:1 
10:5:1 
526:263:53 
526:263:53 
497:281:64 
497:281:64 
5.11 
5.11 
0.10-0.05 
0.10-0.05 
a 
10:5:1 
15:1 
564:283:57 
847:57 
561:286:57 
835:69 
0.05 0.98-0.95 
2.70 0.25-0.10 
^'Better estimator of d (see Table 12). 
Table 15. Goodness of fit tests for observed vs. expected P2 plant height ratios on 
assumption of segregation of two gene pairs (equal gene effects) in each 
of the crosses of normal wheat varieties with Wt^ -Nar 59 
3 
Cross Ratio 
tested 
Number of plants 
Expected Observed 
Tall:Inter- Tall ; Inter­
mediate ; Short mediate : Short 
X 
Napo 63 
X 
Wt„ -Nar 59 
Crespo 63 
X 
Wt -Nar 59 
3 
Bonza 63 
X 
Wt„ -Nar 59 
3 
1 
1 
9:6:1 
9:6:1 
9:6:1 
9:6:1 
15:1 
15:1 
493:329:55 
493:329:55 
489:326:54 
489:326:54 
814:54 
8l4:54 
473:356:48 
463:366:48 
470:353:46 
479:351:39 
811:57 
817:51 
3.92 
6 .88  
4.17 
6.29 
0.18 
0.18 
0.25-0.10 
0.05-0.03 
0.20-0.10 
0.05-0.03 
0.70-0.50 
0.70-0.50 
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intermediate:! short expected ratio a high Chi-square value 
was obtained while the observed numbers fitted a 7 tall;8 
intermediate:! short ratio, that is a reduced number for talis 
and increased number for intermediates. This was interpreted 
to mean that Bonza carried a suppressor gene pair for tallness, 
ii, which had the very specific^reaction that in the presence 
of C- of inhibiting the dominance effect of Aa, and also, perhaps, 
vice-versa. The case for the inhibitor locus is highly 
tenuous, and thus is only suggested. 
The data from the parents, the F^'s and the P^'s of my 
crosses suggest that in plant height inheritance Involving 
normal and semidwarf lines, normal height is partially domi­
nant . The degree of dominance can vary from a small value 
(d^ = 0.12 and dg = 0.19 for Crespo 63 x Son 64-Skg/Ang) to 
nearly complete dominance (d^ = 0.82 and dp = 0.90 for Napo 63 
X Son 64-Skg/Ang). The different degrees of dominance dis­
played by crosses In the same group (i.e., d^ and d^ = 0.12 
6 ? 
and 0.19, respectively, for Crespo 63 x Son 64-Skg/Ang, and 
d^ and dp = 0.82 and O.9O, respectively, for Napo 63 x 
Son 64-Skg/Ang) is not subject to definitive explanation with 
my data. 
There may be either two or three loci that differentiated 
normal from semidwarf plant heights in my wheat crosses. 
Tentatively, it appears that all crosses were segregating at 
one major locus, which I will designate the A-a locus. Napo 
4? 
63, Crespo 63 and Bonza 63 would be AA and all three semidwarf 
6 3 
lines, Sonora 64, Son 64-8kg/Ang and Wtg -Nar 59> would be aa 
at this locus. A second locus was segregating in crosses that 
6 3 had Son 64-Skg/Ang as a common parent. The number of centi­
meters that the "normal" allele at this locus contributed to 
plant height was only half that contributed by the A-a locus. 
This second locus I will designate B-b. Napo 63, Crespo 63, 
Z' Q 
Bonza 63 and Sonora 64 would be BB and Son 64-Skg/Ang would be 
bb at this locus. Crosses involving Wt„ -Nar 59 also appear 
JI3 
to be segregating for plant height at two loci, but in contrast 
to the Son 64-Skg/Ang crosses, the effects of the two loci on 
plant height are equal (26 cm each). This could be evidence 
for a third locus, C-c, or another allele at the B^-b locus. 
Association of Characters 
An important goal of this investigation was to evaluate 
the degree of association among five traits measured, and 
especially between plant height and yield and yield components. 
To compute the phenotypic, genotypic and environmental corre­
lation coefficients (r^, r^ and r^ respectively) among traits, 
it was necessary to have available the parental and Pg intra-
plot mean squares and covariances. All intraplot variances 
and covariances for the parental strains were assumed to be due 
to environmental effects since these varieties likely were pure 
lines (Table I6 and 1?). A pure line, of course, should show 
Table l6. Intraplot variances and covariances from the analyses of variance and 
covariance, respectively, for five traits measured on individual plants 
of Napo 63, Crespo 63 and Bonza 63 in I966 
Trait Spikelets per Spikes per Yield per Plant height Days to Degrees 
spike (1) plant (2) plant (3) (4) flowering (5) of freedom 
Napo 63 243 
1^ 2.825^ 
2 0.668 21.08 
3 0.349 497.2 16080 
4 0.557 8.740 356.1 22.72 
5 -0.396 -5.761 -192.1 -5.081 15.28 
Crespo 63 243 
1 1.991 
2 1.052 14.74 
3 27.22 331.2 10351 
k 1.414 6.076 184.9 18.89 
5 -0.592 -2.305 -56.79 0.369 9.945 
Bonza 63 276 
1 1.646 
2 1.144 9.512 
3 38.41 163.5 5725 
4 3.282 3.074 160.8 . 29.84 
5 0.094 -0.568 . -17.77 2.263 12.48 
^Number codes for traits given in horizontal row. 
^Variance are given in slots of diagonal and covariance in non diagonal slots. 
Table 17- Intraplot variances and covariances from the analyses of variance and 
covariance, respectively, for five traits measured on individual plants 
of Sonora 64, Son 64-Sko/An^ and Wtg -Nar 59 in I966 
Trait Spikelets per Spikes per Yield per Plant height Days to Degrees 
spike (1) plant (2) plant (3) (4) flowering (5) of freedom 
Sonora 64 286 
1^ 1.232^ 
2 0.891 10.08 
3 5.889 47.00 817.6 
4 0.963 5.501 34.92 20.48 
5 0.057 -0.715 -5.962 0.960 12.06 
Sonora 64-Skg/Ang 284 
1 1.753 
2 0.335 22.64 
3 32.66 347.4 10916 
4 1.289 4.785 133.2 18.54 
5 0.598 -6.003 -92.01 -1.323 12.79 
Wt_ -Nar 59 287 
__f3 
1 4.508 
2 3.171 14.77 
3 79.36 212.3 5399 
4 4.342 5.929 177.6 17.39 
5 4.322 1.591 59.39 4.222 12.86 
^Number codes for traits given in horizontal row. 
^Variance are given in slots of diagonal and covariance in non diagonal slots. 
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no variation due to genotyplc causes because all plants would 
be genotyplcally identical. The intraplot variances and 
covariances for the populations would consist of two por­
tions, an environmental variance similar to that of the 
parental stocks and a genotypic variance (Tables 18-20). It 
is assumed that the environmental and genotypic variances are 
additive for the populations. 
To estimate the genotypic variance and covariance for an 
individual cross, the mean variance and covariance for the two 
parents of a cross, were subtracted from the Pg variance and 
covariance, respectively (see formula on page 29). The means 
of variances and covarlances for the various pairs of parents 
are presented in Tables 21-23. 
The phenotyplc correlations between plant height and grain, 
yield were quite uniform (range from 0.30-0.38) among crosses 
(Table 24). They were all positive which Indicated a tendency 
for tall plants to be highest in yield. The average r^ and 
the pooled r^ for all crosses were 0.39 and 0.42, respectively, 
which showed that both vectors (i.e., genotypic and environ­
mental) contributed in a similar way to the height-yield asso­
ciation. Plant height was virtually unassoclated with number 
of spikes per plant (r, = 0.08*), but the genotypic (r = 
P B 
-0.11) and environmental associations (r^ = 0.32**) were 
opposite in sign (Table 25). The pooled r^ for plant height 
and number of splkelets per spike was 0.24** (Table 26), with 
Table 18. Intraplot variances and covariances from the analyses of variance and 
covariance, respectively, for five traits measured on individual plants 
of the F2 populations of three crosses involving Napo 63 
Trait Spikelets per Spikes per Yield per Plant height Days to Degrees 
spike (1) pl^nt (2) plant (3) (4) flowering (5) of freedom 
Napo 63 X Sonora 64 84-0 
3.065^ 
2 1.332 17.71 
3 62.49 401.0 20373 
4 3.179 8.801 496.4 93.55 
5 1.078 -0.615 -20.46 -4.529 19.95 
Napo 63 X Sonora 64-Skg/Ang 902 
1 2.205 
2 0.630 19.91 
3 43.87 384.1 16766 
4 3.709 -4.568 514.5 160.3 
5 1.463 -2.655 -156.2 -15.80 21.22 
Napo 63 X ¥t„ -Nar 59 873 
^3 
1 4.107 
2 2.415 26.74 
3 75.94 466.5 18494 
4 4.06 4.117 711.4 202.9 
5 3.250 2.678 -14.74 -17.79 25.09 
a Number codes for traits given in horizontal row. 
^Variances are given in slots of diagonal and covariance in non diagonal slots. 
Table 19. Intraplot variances and covarlances from the analyses of variance and 
covariance, respectively, for five traits measured on individual plants 
of the F2 populations of three crosses involving Crespo 63 
Trait Spikelets per Spikes per Yield per Plant height Days to Degrees 
spike (1) plant (2) plant (3) (4) flowering (5) of freedom 
Crespo 63 X Sonora ( 64 776 
1^ 3.562^ 
2 1.256 18.56 
3 47.98 246.9 8890 
4 4.417 6.030 309.8 103.7 
5 3.980 -0.075 62.51 7.966 30.51 
Crespo 63 X Sonora 64-S: kg/An^ 838 
1 3.75 
2 1.696 20.77 
3 59.63 347.5 12157 
4 5.118 -2.681 425.6 160.2 
5 5.482 -0.744 -22.77 -7.159 30.67 
Crespo X Wtg -Mar 59 865 
1 5.341 
3 
2 4.559 21.70 
3 121.7 427.0 14804 
4 11.25 10.81 610.7 197.5 
5 11.03 7.522 110.1 11.82 65.01 
^Number codes for traits given in horizontal row. 
Variances are given in slots of diagonal and covariance in non diagonal slots. 
Table 20. Intraplot variances and covariances from the analyses of variance and 
covariance, respectively, for five traits measured on individual plants 
of the Fg populations of three crosses involving Bonza 63 
Trait Spikelets per 
spike (1) 
Spikes per 
plant (2) 
Yield per 
plant {3) 
Plant height 
(4) 
Days to 
flowering (5) 
Degrees 
of freedom 
a 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
3.430 
0.893 
44.88 
5.763 
4.711 
5.359 
1.586 
75.77 
9.618 
14.69 
5.590 
4.259 
121.4 
9.747 
13.89 
Bonza 63 x Sonera 64 
17.85 
192.2 
3.410 
0.693 
7945 
275.5 
53.06 
106.9 
11.82 
Bonza 63 x Sonora 64-Skg/Ang 
23.91 
395.0 
1.080 
5.470 
16926 
711.3 
83.0 
204.8 
15.08 
Bonza 63 x ¥t„ -Nar 59 
5 
19.79 
374.7 
7.643 
11.66 
14467 
650.4 
279.1 
219.8 
15.94 
875 
29.69 
900 Vn La 
79.41 
864 
73.67 
Number codes for traits given in horizontal row. 
Variances are given in slots of diagonal and covariance in non diagonal slots. 
Table 21. Means of variances and covarlanoes of Napo 63 paired with Sonora 64, 
Son 64-Skg/Ang and Wtg -Nar 59 for five traits measured in I966 
Trait Splkelets per Spikes per Yield per Plant height Days to Degrees 
spike (1} plant (2) plant (3) (4) flowering (5) of freedom 
Napo 63 and Sonora 64 529 
1^ 1.967^ 
2 0.788 15.15 
3 3.333 254.7 7859 
4 0.776 6.995 183.1 21.51 
5 -0.152 -3.043 -91.87 -1.827 13.54 
Napo 63 and Son 64-Sk^/An^ 527 
1 2.250 
2 0.489 21.92 
3 17.70 416.8 13327 
4 0.950 6.617 236.4 20.47 
5 0.138 -5.891 -138.4 -3.063 13.95 
Napo 63 and Wt-Nar 59 530 
1 3.733 
2 2.018 17.68 
3 42.97 343.5 10326 
4 2.599 7.224 259.8 19.84 
5 2.149 -1.791 -56.45 -0.062 .13.98 
^Number codes for traits given in horizontal row. 
Variances are given in slots of diagonal and covariance in non diagonal slots. 
Table 22. Means of variances and covarlances of Crespo 63 paired with Sonora 64, 
Son 64-Skg/Ang and Wtg -Nar 59 for five traits measured in I966 
Trait Spikelets per Spikes per Yield per Plant height Days to Degrees 
spike (1) plant (2) plant (3) (4) flowering (5) of freedom 
Crespo 63 and Sonora 64 529 
1^ 1.581^ 
2 0.965 12.22 
3 15.71 177.8 5197 
4 1.171 5.761 104.0 19.75 
5 -0.242 -1.447 -29.36 0.688 11.08 
é *3 Crespo 63 and Son 64-Skg/Ang 527 
1 1.863 
2 0.667 18.98 
3 30.14 339.9 10656 
4 1.347 5.377 157.1 18.70 
5 0.048 -4.294 -75.73 -0.541 11.48 
Crespo 63 and Wt„ -Nar 59 530 
1 3.351 
J 
2 2.198 14.76 
3 55.40 266.9 7669 
4 2.996 5.992 180.9 18.08 
5 2.064 -0.196 6.008 2.452' 11.52 
^Number codes for traits given in horizontal row. 
Variances are given in slots of diagonal and covariance in non diagonal slots. 
Table 23. Means of variances and covariances of Bonza 63 paired with Sonora 64, 
Son 64-Skg/Ang and Wtg -Nar 59 for five traits measured in 1966 
Trait Spikelets per Spikes per Yield per Plant height Days to Degrees 
spike (1) plant (2) plant (3) (4) flowering (5) of freedom 
Bonza 63 and Sonora 64 562 
1^ 1.436^ 
2 1.016 9.798 
3 21.95 104.5 3228 
4 2.108 4.303 97.09 25.07 
5 0.076 -0.642 -11.79 1.603 12.26 
Bonza 63 and Son 64-Skg/Ang 560 
1 1.700 
2 0.736 16.13 
3 35.51 256.3 8358 
2.277 3.937 146.9 24.11 
5 0.348 -3.309 -55.22 0,454 12.64 
Bonza 63 and Wt^ -Nar 59 563 
1 3.097 3 
2 2.172 12.18 
3 59.17 188.3 5559 
4 3.819 4.522 169.3 23.49 
5 2.238 0.530 21.36 3.257 12.67 
^Number codes for traits given in horizontal row. 
Variances are given in slots of diagonal and covariance in non diagonal slots. 
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Table 24. Phenotypic, genotypic and environmental correlations 
between plant height and grain yield in nine wheat 
crosses 
Cross r 
e 
Napo 63 X Sonora 64 0 .36** 0.33 0.45** 
Napo 63 X Son 64-Skg/Ang 0 .31** 0.40 0.45** 
Napo 63 X Wt„ -Nar 59 
Crespo 63 X Sonora 64 
0 .37** 0.37 0.57** 
0 .32** 0.37 0.32** 
Crespo 63 X Son 64-Skg/Ang 0 .31** 0.58 0.35** 
Crespo 63 X ¥t„ -Nar 59 
3 
Bonza 63 x Sonora 64 
. 0 .36** 0.38 0.49** 
0 .30** 0.29 0.34** 
Bonza 63 x Son 64-Skg/Ang 0, .38** 0.45 0.33** 
Bonza 63 x ¥t„ -Nar 59 
3 
0, .36** 0.36 0.47** 
Pooled 0. ,34** 0.39* 0.42** 
^•Average. 
Napo 63 crosses showing somewhat lower correlations than Crespo 
63 and Bonza 63 crosses. Also, the average genotypic associa­
tion (r^ = 0.37) was stronger than the pooled environmental 
association (r = 0.28**) between these traits. Plant height 
and days-to-flowering showed five positive and four negative 
r^'s for the nine crosses and the pooled value was zero (Table 
27). No important genotypic (r = -O.O3) or environmental 
O 
associations (r^ = 0.02) were apparent. In general, my data 
suggest a tendency for taller wheat plants to be higher 
6o 
Table 25• Phenotypic, genotypic and environmental correlations 
between plant height and spikes per plant in nine 
wheat crosses 
Cross 
^e 
Napo 63 X Sonora 64 0.22** 0.13 0.39** 
Napo 63 X Son 64-8kg/An2 -0.08* -0.67 0.31** 
Napo 63 X ¥t„ -Nar 59 
3 
Crespo 63 X Sonora 64 
0.06 -0.08 0.39** 
0.l4** 0.01 0.37** 
Crespo 63 X Son 64-Skg/Ang -0.05 -0.51 0.29** 
Crespo 63 X Wt„ -Nar 59 
3 
Bonza 63 x Sonora 64 
0.17** 0.14 0.37** 
0.08* -0.03 0.27** 
Bonza 63 x Son 64-Skg/Ang 0.02 -0.08 0.20** 
Bonza 63 x Wt„ -Nar 59 
3 
0.12** 0.08 0.27** 
Pooled 0.08* -0.11®' 0.32** 
a .  
Average. 
yielding and the vectors that contribute to this association 
are both genotypic and environmental. Tillering of wheat 
plants was independent of height but taller plants tended to 
have larger spikes. 
The r^'s between yield and number of spikes per plant 
were consistent and high (range from O.5I to 0.75), and 
environmental causes (r^ = 0.74^:-*) contributed heavily to this 
positive association (Table 28). The r 's were less consistent 
-, . g 
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Table 26. Phenotypic, genotyplc and environmental correlations 
between plant height and spikelets per spike in 
nine wheat crosses 
Cross r 
S 
r 0 
Napo 63 X Sonora 64 0.19** 0.27 0.12** 
6 3 
Napo 63 X Son 64-Skg/Ang 0.20** 1.10 0.l4** 
Napo 63 X Wt„ -Nar 59 
3 
Crespo 63 X Sonora 64 
0.14** 0.18 0.30** 
0.23** 0.25 0.21** 
Crespo 63 X Son 64-Skg/Ang 0.21** 0.23 0.23** 
Crespo 63 X Wt„ -Nar 59 
3 
Bonza 63 x Sonora 64 
0.35** 0.44 0.38** 
0.30** 0.29 0.35** 
Bonza 63 x Son 64-Skg/Ang 0.29** 0.29 0.36** 
Bonza 63 x Wt^ -Nar 59 
^3 
0.28** 0.27 0.45** 
Pooled 0.24** 0.37^ 0.28** 
^Average. 
and of smaller magnitude (r = 0.43) but in eight crosses the 
S 
r 's were positive. The phenotypic associations between yield 
5 
per plant and number of spikelets per spike were positive 
(range from 0.23 to 0.^3) and the genotyplc and environmental 
vectors both contributed to this association (Table 29). The 
r^ value (0.62) was more than twice as large as the pooled 
r (0.24**), but actually the r was extraordinarily high 6 6 / q 
because the Napo 63 x Son 64-Skg/Ang cross had an r^ = 2.10. 
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Table 2?. Phenotyplc, genotypic and environmental correlations 
between plant height and days-to-flowering in nine 
wheat crosses 
Cross r g r e 
Napo 63 X Sonora 64 -0.10** -0.13 -0.11** 
Napo 63 X Son 64-Skg/Ang -0.27** -0.40 -0.18** 
Napo 63 X Wt„ -Nar 59 
3 
Crespo 63 X Sonora 64 
-0.25** -0.39 1 0
 
0
 
0
 
0.14** 0.18 0.05 
Crespo 63 X Son 64-Skg/Ang -0.10** -0.13 -0.04 
Crespo 63 X ¥tp -Nar 59 
3 
Bonza 63 x Sonora 64. 
0.10** 0.10 0.17** 
0.21** 0.27 0.09** 
Bonza 63 x Son 64-Skg/Ang 0.12** 0.13 0.03 
Bonza 63 x Wt„ -Nar 59 
^3 
0.13** 0.12 0.19** 
Pooled 1 0
 
0
 
0
 
-0.03* 0.02 
^Average. 
Obviously, this is an unrealistic value. For yield per plant 
and days-to-flowering, the r^ values were both positive and 
negative with a pooled value of 0.04 (Table 30). This virtual 
zero phenotypic association was caused by positive genotypic 
and negative environmental associations offsetting each other. 
In general, tillering (number of spikes per plant) had a closer 
positive association with yield than did spike size (number of 
spikelets per spike). The genotypic and environmental vectors 
both contributed materially to these positive r^'s. 
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Table 28. Phenotypic, genotyplc and environmental correlations 
between yield per plant and spikes per plant in 
nine wheat crosses 
Cross r g r e 
Napo 63 % Sonora 64 0 .67** 0.82 0.74** 
6 3 
Napo 63 X Son 64-Skg/Ang 0 . 66** 
-0.39 0.77** 
Napo 63 X Wt„ -Nar 59 
3 
Crespo 63 X Sonora 64 
0 .66** 0.45 0.80** 
0 .61** 0.45 0.71** 
Crespo 63 X Son 64-Skg/Ang 0 . 69** 0.15 0.76** 
Crespo 63 X Wtg -Nar 59 0 .75** 0.72 0.79** 
Bonza 63 x Sonora 64 0 .51** 0.45 0.59** 
Bonza 63 x Son 64-Skg/Ang 0 .62** 0.54 0.70** 
Bonza 63 x Wt„ -Nar 59 0, .70** 0.72 0.72** 
'3 
Pooled 0.66** 0.4]* 0.74** 
^Average. 
Between the yield components number of spikes per plant 
and number of spikelets per spike the r^'s, r^/s and r^'s 
generally were positive but small, indicating that genotypic 
and environmental factors were contributing to vigor of these 
two traits concomitantly (Table 31). The r^'s between number 
of spikes per plant and days-to-flowering generally were nega­
tive and small, the r^'s were both negative and positive but 
the r 's were positive and for some crosses quite large (Table 
S 
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Table 29. Phenotypic, genotyplc and environmental correlations 
between yield per plant and spikelets per spike in 
nine wheat crosses 
Cross 
^e 
Napo 63 X Sonora 64 0.25** 0.50 0.03 
Napo 63 X Son 64-Skg/Ang 0.23** 2.10 0.10** 
Napo 63 X Wt_ -Nar 59 
3 
Crespo 63 X Sonora 64 
0.28** 0.60 0.22** 
0.27** 0.38 0.17** 
6 3 
Crespo 63 X Son 6^-Skg/Ang 0.28** 0.55 0.21** 
Crespo 63 X Wt_ -Nar 59 
3 
Bonza 63 x Sonora 64 
0.43** 0.56 0.35** 
0.27** 0.24 0.32** 
/ n 
Bonza 63 x Son 64-Skg/Ang 0.25%f 0.23 0.30** 
Bonza 63 x ¥t„ -Nar 59 
3 
0.43** 0.42 0.45** 
Pooled 0.30** 0.62^ 0.24** 
^Average. 
32). All r 's between number of spikelets per spike and days 
to flowering were large and positive, the r^'s were small but 
generally positive and the r^'s ranged from 0.l4 to 0.71 (Table 
3 3 ) .  
Heritability and Expected Genetic Gain 
Heritability percentages in the broad sense (Lush, 1945) 
were calculated for five traits in each of the nine crosses, as 
the ratio (expressed in percentage) of the variance minus 
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Table 30. Phenotypic, genotypic and environmental correlations 
between yield per plant and days-to-flowering in 
nine wheat crosses 
Cross 
•g 
Napo 63 X Sonora 64 
Mapo 63 X Son 64-Skg/Ang 
Napo 63 X Wtg -Nar 59 
3 
Crespo 63 X Sonora 64 
Crespo 63 X Son 64-8kg/An2 
Crespo 63 X Wt„ -Nar 59 
Bonza 63 x Sonora 64 
6 3 
Bonza 63 x Son 64-Skg/Ang 
Bonza 63 x Wt„ -Nar 59 
3 
Pooled 
-0  .03 0.25 -0  .28** 
-0  .26** -0 .11 -0 .32** 
-0  .02 o. l4  -0 .15** 
0 .12** 0.34 -0  .12** 
-0  .04 0.31 -0  .22** 
0 .11** 0.17 0 .02 
0 .11** 0.23 -0  .06 
0 .07* 0.18 -0  .17** 
0 .27** 0.35 0 .08* 
0,  .04 0.21^ -0 ,  .14** 
a 
'Average, 
mean variance of the parents divided by the total Fg variance 
(Mahmud and Kramer, I951). The plant height heritabilities 
were consistently high (range from 77 to 91^) with a mean of 
85^, whereas the mean heritabilities for yield, number of 
spikes per plant and number of spikelets per spike were only 
44, 26 and 40^, respectively (Table 34). In the cross Napo 
6 3 63 X Son 64-Skg/Ang, negative genotypic variances, and there­
fore, negative heritabilities were found for number of spike-
lets per spike and number of spikes per plant. Heritability 
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Table 31- Phenotypic, genotypic and environmental correlations 
between spikes per plant and. spikelets per spike in 
nine wheat crosses 
Cross r 
e 
Napo 63 X Sonora 64 0.18** 0.32 0.14** 
Napo 63 X Son 64-Skg/Ang 0.10** 0.47 0.07* 
Napo 63 X Wt_ -Nar 59 
^3 
Crespo 63 X Sonora 64 
0.23** 0.22 0.25** 
0.15** 0.08 0.22** 
y 0 
Crespo 63 X Son 64-Skg/Ang 0.19** 0.56 0.11** 
Crespo 63 X Wt„ -Nar 59 
3 
Bonza 63 x Sonora 64 
0.42** 0.64 0.31** 
0.11** -0.03 0.27** 
Bonza 63 x Son 64-Skg/Ang 0.i4** 0.16 0.14** 
Bonza 63 x Wt„ -Nar 59 
3 
0.40** 0.48 0.35** 
Pooled 0.22** 0.32* 0.21** 
a .  
Average. 
percentages for days-to-flowering varied according to the 
normal variety used in crosses: the greatest values were for 
Bonza 63 (mean = 75%) and Crespo 63 crosses (mean = 70%) but 
notably less for Napo 63 crosses (mean = 36^). It is of 
interest also that for yield and yield components, the Bonza 
63 crosses had higher heritability percentages than did Napo 
63 or Crespo 63 crosses. 
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Table 32. Phenotyplc, genotypic and environmental correlations 
between spikes per plant and days-to-flowering in 
nine wheat crosses 
Cross r g r e 
Napo 63 X Sonora 64 -0 .03 0.60 -0.21** 
^ 0 
Napo 63 X Son 64-Skg/Ang -0 .13** 0.85 -0.34** 
Napo 63 X Wt„ -Nar 59 
^3 
Crespo 63 X Sonora 64 
0 .10** 0.45 -0.11** 
-0 .00 0.12 -0.12** 
Crespo 63 X Son 64-Skg/Ang -0 .03 0.61 -0.29** 
Crespo 63 X ¥t„ -Nar 59 
3 
Bonza 63 x Sonora 64 
0 .20** 0.40 
CM 0
 
0
 1 
0 .03 
I—1 :—
1 0
 .
 
-0.06 
Bonza 63 x Son 64-Skg/Ang 0 .13** 0.39 -0.23** 
Bonza 63 x Wt„ -Nar 59 
3 
0 .31** 0.52 0.04 
Pooled 0, .06 0.45 -0.15** 
^Average. 
For the plant breeder the real value of'heritability per­
centages lies in their use to predict the extent of progress 
that can be made from selection. The expected genetic gains 
(AG) from selection computed for the five traits when 10^ of 
the population was saved (selection differential, i, = 1.75^)j 
are presented (in original units) in Table 35. For plant 
height the AG's from selection were all high, ranging from 13 
to 23 cm, with the greatest responses from crosses which 
involved the semidwarf parents, Wtg -Nar 59 (22.7 cm), and 
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Table 33- Phenotypic, genotyplc and environmental correlations 
between spikelets per spike and days-to-flowering 
in nine wheat crosses 
Cross 
^e 
Napo 63 X Sonora 64 0.14** 0.46 —0.03 
A Q 
Napo 63 X Son 6-^-^kg/Ang 0.21** 2.31 0.02 
Napo 63 X Wt„ -Nar 59 
3 
Crespo 63 X Sonora 64 
0.32** 0.54 0.30** 
0.38** 0.68 -0.06 
Crespo 63 X Son 64-Skg/Ang 0.51** 0.90 
1—1 0
 
0
 
Crespo 63 X ¥t„ -Nar 59 
3 
Bonza 63 x Sonora 64 
0.59** 0.87 0.33** 
0.47** 0.79 0.02 
Bonza 63 x Son 64-Skg/Ang 0.71** 0.92 0.08* 
Bonza 63 x Wt„ -Nar 59 
3 
0.68** 0.94 0.36** 
Pooled 0.47** 0.93* 0.11** 
^Average. 
Son 64-8kg/Ang crosses (20.3 cm). The AG from selection for 
yield per plant varied from 23 to 153 dg. The greatest gains 
were expected from the Wt„ -Nar 59 crosses and the lowest were 
^6 3 
expected from the Son 64-Skg/Ang crosses. Expected AG's from 
selection for number of spikelets per spike ranged from -0.1 
to 2.8 with consistent high values for Bonza 63 and Crespo 63 
crosses. For number of spikes per plant the highest and most 
consistent AG's were those for Bonza 63 crosses. The AG's for 
days-to-flowering ranged from 2.5 to 13.I days. 
Table Jk-. Heritabili ty percentages for five traits measured in nine wheat crosses 
Characters 
Crosses Spikelets 
per spike 
Spikes per 
plant 
Yield per 
plant 
Plant 
height 
Days to 
flowering 
Mapo 63 X Sonora 64 36 14 61 77 32 
Napo 63 X Son 64-Skg/Ang -2 -10 21 87 34 
Napo 63 X Wt„ -Nar 59 
E3 
Crespo 63 X Sonora 64 
9 34 • 44 90 44 
56 34 42 81 64 
^ 0 
Crespo 63 X Son 64-Skg/Ang 50 9 12 88 63 
Crespo 63 X Wtp -Nar 59 37 32 48 91 82 
Bonza 63 x Sonora 64 58 46 59 77 59 
Bonza 63 x Son 64-Skg/Ang 68 33 51 88 84 
Bonza 63 x Wt„ -Nar 59 45 38 62 89 83 
Mean 40 26 4-4 85 61 
Table 35- Expected genetic gain (AG) from 10^ selection intensity (in original 
units) for five traits measured in nine wheat crosses 
Characters 
Crosses Spikelets 
per spike 
(N°) 
Spikes per 
plant 
(N°) 
Yield per 
plant 
(dg) 
Plant 
height 
( cm) 
Days to 
flowering 
(NO) 
Napo 63 X Sonora 64 1.1 1.0 153 13.1 2.5 
Napo 63 X Son ô^-Sk^/An^ -0.1 -0.8 48 19.3 2.8 
Napo 63 X Wtg -Nar 59 
0 0.3 3.1 105 22.5 3.9 J 
Crespo 63 X Sonora 64- 1.9 2.6 69 14.5 6.2 
Crespo 63 X Son 64-Skg/Ang 1.7 0.7 23 19.5 6.1 
Crespo 63 X -Nar 59 
3 
Bonza 63 x Sonora 64 
1.5 2.6 102 22.4 11.6 
1.9 3.4 92 14.0 5.6 
^ 0 
Bonza 63 x Son 64-Skg/Ang 2.8 2.8 116 22.1 13.1 
Bonza 63 X Wt -Nar 59 1.9 3.0 131 23.2 12.5 
3 
Mean 1.4 2.0 93 19.0 7.1 
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In order to have the expected genetic gains from selection 
for the five traits in comparable units, all AG's were expressed 
relative to the cross means to give percentage values (Table 
36). 
The relative AG's from selection for plant height were 
consistent within a group of crosses that involved one semi-
dwarf parent. The largest mean relative response was 27^ for 
the Wt„ -Nar 59 crosses, l4^ for the Sonora 64 crosses, 22% 
3 6 3 
for the Son 64-Skg/Ang crosses, i.e., the relative AG's from 
selection for plant height were inverse to the mean plant 
heights of the semidwarf parent (Table 37). All three normal 
height parents had mean relative AG's of 21% for their crosses. 
The relative AG's from selection for yield per plant varied 
from in the Crespo 63 x Son 64-Skg/Ang cross to 83^ in the 
Napo 63 X Sonora 64 cross, but this trait had the highest mean 
gain when averaged over all crosses (4l^). Mean AG's were '^0% 
for Crespo 63 crosses, k6% for Napo 63 crosses and 48^ for 
Bonza 63 crosses. When grouped according to semidwarf parents, 
the mean AG's were 59% for Sonora 64 crosses, 43^ for ¥t„ -Nar 
6 3 3 
59 crosses and 21% for Son 64-Skg/Ang. The mean relative AG's 
from selection for number of spikes per plant and plant height, 
when averaged over all nine crosses, were 15 and 2.1%, respec­
tively, or only about half of the 4l^ for yield per plant. 
Table 36. Expected genetic gain (AG) from 10^ selection intensity (in percentage of 
the mean) for five traits measured in nine wheat crosses 
Characters 
Crosses Spikelets Spikes per Yield per Plant Days to 
per spike plant plant height flowering 
Nape 63 X Sonora 64 6 8 83 14 3 
Napo 63 X Son 64-Skg/Ang -0 
-5 16 21 3 
Napo 63 X Wt„ -Nar 59 2 23 38 27 5 
Crespo 63 X Sonora 64 
Crespo 63 X Son 64-Skg/Ang 
10 
9 
21 
5 
44 
9 
15 
22 
8 
7 
Crespo 63 X Wt„ -Nar 59 Jio 8 18 37 26 l4 
J 
Bonza 63 x Sonora 64 10 28 50 l4 7 
Bonza 63 X Son 64-Skg/Ang 14 18 39 23 15 
Bonza 63 x Wt^ -Nar 59 
3 
10 21 55 27 15 
Mean 8 15 4l 21 9 
T 
Table 37. Mean parental expected genetic gain (AG) from 10% selection intensity 
(in percentage of the mean) for five traits measured in nine wheat 
crosses 
Parent Spikelets Spikes per Yield per Plant Days to 
per spike plant plant height flowering 
Napo 63 3 9 46 21 4 
Crespo 63 9 15 30 21 10 
Bonza 63 11 22 48 21 12 
Sonora 64 9 19 59 14 6 
Son 64-Skg/Ang 8 6 21 22 8 
¥tg -Nar 59 7 21 43 27 11 
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Genetic Analyses of Glume Color 
and Awn Expression Inheritance 
The inheritance analyses for glume color and awn expres­
sion were carried out for three and five crosses, respectively. 
Since reciprocal populations showed similar ratios, the 
genetic analyses were conducted on the pooled data. The three 
crosses that segregated for glume color all Involved Napo 63» 
a brown glumed strain (Table 38). For Napo 63 x Sonora 64 and 
Napo 63 X Wtg -Nar 59 crosses the plant ratios fitted the 
expected ratio of 3 brown:1 white that results from monogenic 
inheritance of a trait. The Chi square test for the Napo 63 x 
Son 64-Skg/Ang fit to 3:1 ratio gave a probability of 0.05-
0.02 because there was a deficiency of white-glumed Fg plants. 
For four crosses, Napo 63 x Wt„ -Nar 59» Crespo 63 x 
3 6 3 
Sonora 64, Bonza 63 x Sonora 64 and Bonza 63 x Son 64-8kg/Ang, 
the Fg plant segregation for absence or presence of awns fitted 
a 3:1 ratio expected with monogenic inheritance of a trait, 
/  3  but for Crespo 63 x Son 64-Skg/Ang there was an excess of 
awned plants resulting in a high Chi square value and a prob­
ability of 0.02-0.01 (Table 39)-
In only one cross, Napo 63 x Wt^ -Nar 59» did segregation 
3 
for both glume color and awn expression occur. The F^ plant 
data gave a satisfactory fit to the ratio 9 awnless brown:3 
awnless white:3 awned brown:1 awned white expected with digenic 
inheritance and independent segregation of loci (Table 40). 
Table 38. Goodness of fit tests for observed vs. expected F2 glume color ratios on 
assumption of segregation of one gene pair In each of the crosses of 
normal wheat variety Napo 63 with three semldwarf strains 
Cross Ratio 
tested 
Number of plants 
Expected Observed 
brown:white brown:white 
X 
Napo 63 X Sonora 64 
Napo 63 X Son 64-5kg/Ang 3 :1 
Napo 63 X Wt„ -Nar 59 3 :1 
^3 
633:211 
680:226 
658:219 
627:217 
706:200 
649:228 
0.23 
3.98 
0.70-0.50 
0.05-0.02 
0:49 0.50-0.30 
-O 
Table 39-  Goodness of fit tests for observed vs. expected F2 expression ratios 
on assumption of segregation of one gene pair in five wheat crosses 
between normal and semidwarf strains 
Number of plants 
Cross Ratio Expected Observed p 
tested absent : present absent ; present 
Napo 63 X Wtp -Nar 59 
3 
Crespo 63 X Sonora 64 
3:1 658:&19 658:219 0
 
0
 
0
 
1 
3:1 585:195 600:180 1.53 0 .30-0 .20 
Crespo 63 X Son 64-Skg/Ang 3:1 631:211 599:243 6.47 0 
0
 1 
CM 0
 0
 
H
 
Bonza 63 x Sonora 64 3:1 659:220 651:228 0.39 0 .60-0 .50 
Bonza 63 x Son 64-Skg/Ang 3:1 678:226 678:226 0.00 1  
Table 4-0. Goodness of fit test for observed vs. expected 
F2 ratios on assumption of independent inheritance 
of glume color and awn expression in the gross 
Napo 63 X Wt„ -Nar 59 
^3 
Number of plants 
Expected 
Ratio Color: brown, brown , white, white 
Cross tested Awns; absent'present'absent'present 
Napo 63 
X 
¥t„ -Nar 59 9:3:3:1 
3 
494 : 164 ; 176 ; 55 
78 
Number of plants 
Observed 
brown, brown . white, white 2 
absent'present'absent"present X P 
483 : 165 : 176 : 53 1.20 0.80-0.70 
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In general, my data support the conclusion that brown 
glume color is dominant over white and absence of awns is 
dominant over their presence. Both traits are inherited mono-
genically and their respective loci segregate independently. 
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DISCUSSION 
The semidwarf trait has brought into wheat improvement, a 
"revolution" the limits of which still cannot be forecast• 
(CIMMYT, 1968). In fact, if we consider only the yield incre­
ments obtained to date through the utilization of semidwarf 
wheat varieties in Northwestern United States, Mexico, India 
and Pakistan (CIMMYT, I968), the advantage compares favorably 
with that realized from the introduction of commercial hybrid 
corn into U.S. agriculture in the late 1930's and early 1940's. 
The world impact of semidwarf wheat can be visualized by the 
fact that in I967 West Pakistan imported 40,000 metric tons of 
seed of Mexican semidwarf wheat varieties which almost doubled 
the average wheat yields of that country and India (CIMMYT, 
1968). 
The yield potential of these varieties over wide geograph­
ical areas is impressive also. Krull et al. (I967) reported 
that in the Inter-American spring wheat yield nurseries grown 
from Canada to Argentina, the highest yielding varieties were 
consistently the Mexican semidwarfs, Pitic 62 and Penjamo 62. 
So that the semidwarfing trait can be used more extensively, 
it is important to understand the mechanism(s) of plant height 
inheritance and the associations of yield and yield components 
with the semidwarf trait. 
It has been suggested that semidwarfness, primarily from 
Norin derivatives, is controlled by one major and several minor 
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gene pairs (Powell, 1958; Powell and Schlehuber, I967), two 
major gene pairs (Allan and Vogel, I963 and 1964), or at least 
three gene pairs (Johnson et al., 1966a). Also, the CIMMYT 
breeders refer to semidwarf (E^), double dwarf (E^) and triple 
dwarf (E^) wheats (CIMMYT, I968), which implies three gene 
pairs involved in semidwarfness inheritance, and from cyto­
genetic studies, Allan and Vogel (I963) concluded that 11 
chromosomes carry loci involved in controlling this trait. 
In my study three normal height wheat varieties (100-120 
cm), Napo 63, Crespo 63 and Bonza 63, were crossed with three 
semidwarf lines of Mexican origin, Sonora 64 (74-84 cm), 
Son 64-Skg/Ang (62-72 cm) and ¥tg -Nar 59 (48-58 cm). There 
are several methods available for calculating dominance degrees 
in crosses, but the one I used is the most simple and it makes 
use of means only. If no dominance exists (assuming no epista^ 
sis exists in the model), all gene action is additive and the 
mean is midway between the parental means. All of the 
wheat crosses in my study showed positive partial dominance 
(i.e., dominance for tallness). The degrees of dominance 
varied with crosses, but the correlation of d^ with d^ values 
was 0.83**, suggesting that the variation in d values among 
crosses was consistent from generation to generation and 
therefore had genetic meaning. For example, d^ and d^ values 
for Napo 63, Crespo 63 and Bonza 63 when crossed to Son 64-
Skg/Ang, were 0.82 and O.9O, 0.12 and O.I9 and 0.39 and 0.65, 
respectively. The relationship between normal parent and 
degree of dominance expressed could be due to (a) each normal 
parent possessing a different locus for normal-semidwarfness 
differentiation, or (b) each normal parent possessing a dif­
ferent "normal" allele at a locus common to all three varieties. 
Additional crosses would be needed for study to determine the 
appropriate explanation, but in the absence of additional data, 
the second alternative is the more reasonable. 
When degree of dominance is estimated for crosses that are 
segregating for two or more loci, it is an "average" degree of 
dominance that is really obtained. Of course, the degrees of 
dominance for two loci that are averaged may be widely differ­
ent. This situation may be of little importance when one is 
comparing d^ and d^ values, but it could be of significance 
when numerical height values are assigned to specific geno-
typic classes. Using data from the 19^5 experiment, a differ­
ential value (D^), that is, the difference between the tall 
(TP^) and the mid-parent heights (MP^), was calculated to 
provide an estimate of the magnitude of the additive effects 
of the gene(s) that controlled the difference in plant height 
between the parents of a cross (Table 12). With a value as 
the denominator and the difference between the and its 
expected value (MP^) as the numerator, degree of dominance was 
computed (d^) for a cross. To test how well d^ estimated the 
parameter d, it was employed to calculate (according to the 
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assumed genetic hypothesis) the dominance component for the 
heterozygotes. Then, EfFg) was obtained and compared by means 
of a "t" test with the actual Fg. 
When using d^'s to calculate expected Fg's, I found that 
in three of nine crosses, the EfF^l's were significantly below 
the actual F^ values. As a matter of fact, all d^ values were 
lower than the corresponding dp values in crosses involving 
S 3 Sonora 64 and Son 64-8kg/Ang. Discrepancies between d^ and dp 
values could occur if the estimations were confounded by 
epistatic gene action. However with epistasis, dg values 
should be lower than their respective d^'s, a situation which 
is reverse to what happened in my study. 
The genetic analyses seemed to show that Napo 63, Crespo 
63 and Bonza 63 as a group differ from Sonora 64, Son 64-
^ 3 
Skg/Ang, and Wt^^_Nar 59 in alleles at one, two and two loci, 
respectively, for expression of semidwarfness vs. normal plant 
height. All of these genetic analyses when summarized suggest 
the relationships of plant heights presented in the following 
diagram: 
Normal parents 
mean plant height 
( cm) 
106 
A = difference 
~ - tends to 
Semidwarf height parents 
mean plant heights 
(cm) 
79 = Sonora 64 
A = 12 13 \ 
£3 
E 67 ~ 66 = Son 64-Skg/AnJ 
A = 14 - 13 
53 — Wtg^—Mar 59 
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The differences in plant height from semidwarf to semidwarf 
are about 13 cm and the difference between the semidwarfs and 
the normal parents are 26 cm for Sonora 64, 39 cm for Son 64-
6 3 
Skg/Ang and 53 cm for Wtg -Nar 59- Now, alleles at a single 
locus differentiate Sonora 64 and the normal parents with 26 
cm difference between the AA and aa. Wt-o -Nar 59 and the 
normal parents differ in alleles at two loci that give a 
combined additive difference between AACC and aacc of 53 cm. 
/ 3 Height difference between Son 64-Skg/Ang and the normal 
parents is also due to alleles at two loci. One of these loci 
probably is either A-a or C-c and the other is probably a third 
6 3 locus B-b. AABB (normal parents) and aabb (Son 64-Skg/Ang) 
would differ by 39 cm. In general, the data I collected fit 
this hypothesis of semidwarfness inheritance. There were 
several discrepancies where my data did not completely support 
the hypothesis, but generally these were minor in importance 
and can be accounted for by sampling error. For example, in 
three crosses, Napo 63 x Sonora 64, Bonza 63 x Sonora 64 and 
6 3 Bonza x Son 64-Skg/Ang, when d^ was used to estimate the 
expected means were significantly below the actual Fg's, but 
use of dp i'n these cases gave good estimates of E^F^). 
Apparently d^ was a low estimate of d in each of these cases. 
Also, in the Bonza 63 x Wt„ -Nar 59 cross, it was necessary to 
postulate that Bonza 63 possessed an inhibitor gene pair, ii, 
that in presence of A~ served as an activator which suppressed 
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the dominance effect of Cc (and vice versa, i.e., ii suppress 
the dominance effect of Aa in presence of C-) in order to 
explain the reduced number of tall individuals and concomitant 
increase of the intermediate ones. Rosenquist (1931) from his 
studies of wheat plant height inheritance postulated two or 
three incompletely dominant factors for growth depression. 
From my analyses, the genetic constitutions of the 
parental wheat varieties for plant height could be as follows: 
Variety Genetic constitution 
Napo 63 AABBCC 
Crespo 63 AABBCC 
Bonza 63 AABBCC 
Sonora 64 aaBBCC or AABBcc 
Son 64-Skg/Ang aabbCC or AAbbcc 
Wt„ -Nar 59 aaBBcc 
3 
Any of the varieties may carry minor genes for plant height, 
and it is likely that Bonza 63 carries an inhibitor locus 
which interacts with the A-a and C-c loci. The large letters 
denote partial dominance for tallness (Nandpuri and Foote, 
1958; Powell, 1958; Merkle and Atkins, 1964; Johnson et al., 
1966a; Powell and Schlehuber, I967). 
Of course, the genetic constitutions of all six wheat 
varieties can be assigned to two loci if it is assumed that 
the B-b locus has multiple alleles. With this assumption the 
genetic constitutions of the varieties would be 
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Variety 
Napo 63 AABB 
Genetic constitution 
Crespo 63 
Bonza 63 
Sonora 64 aaBB 
AABB 
AABB 
6 Q 
Son 64-Skg/Ang 
Wtrn -Nar 59 
aaB'B' 
aabb 
With this proposal the differences in height would be 26-2? cm 
between AA and aa, 13 cm between BB and B'B' and between B'B' 
and bb and 26-2? cm between BB and bb. Which of the alterna­
tive explanations is correct can be determined only with 
additional appropriate crosses. 
The introduction of the semldwarf growth habit into the 
wheat breeding programs of the U.S.A. and Mexico began when the 
1 
Japanese semldwarf variety Norin 10 and other Norln types were 
introduced by the U.S. Department of Agriculture in,1948 
(Vogel et al., 1956). The two centers of semldwarf wheat 
breeding were established at Washington State (Vogel et al., 
1956); and in Mexico (Rockefeller Foundation, I96O). 
The CIMMÏT wheat breeders refer to three types of seml­
dwarf wheats: semldwarf (Penjamo 62 type), double dwarf 
(Sonora 64 type) and triple dwarf (Wt™ -Nar 59 type) abbreviated 
3 
Which was obtained from the cross Turkey x Fultz made 
in 1924 at the National Experimental Station in Tobuca, Japan" 
(Rockefeller Foundation, 196O). 
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as , Eg and E^, which are thought to possess 1, 2 and 3 
pairs of recessive semidwarf genes, respectively. On the 
other hand, Vogel and co-workers (Allan et al., 1962; Vogel 
et al., 1963; Allan and Vogel, 1964) refer to four types of 
semidwarfs : tall-semidwarf ((Selection l4 x 50-3)74-2 type), 
medium-semidwarf (Gaines type), moderate-short semidwarf 
((l4 X 53)B 6 type), and short-semidwarf (Selection l4 type). 
In Table 4l I have arranged the relationships of Washington 
State and CIMMYT semidwarfs to the genetic constitutions 
postulated from the present investigation. Penjamo 62 was 
grown in my I965 experiment and its mean plant height was 102 
cm, whereas Crespo 63 and Bonza 63 were ll4 cm tall. Perhaps 
this Indicates that Penjamo 62 may have the genetic constitu­
tion AAbbCC for plant height. The slightly taller heights 
adopted for the ranges in my classification result because 
wheat varieties grown at 3058 m above sea level on the equator 
(latitude of Santa Catalina Experimental Station = 0° 22'S) 
are taller in response to short days (12 hours daylight year 
around) and longer vegetative periods (200 days). 
Yields per plant were higher for the normal parents than 
for the semidwarfs (only Son 64-Skg/Ang yielded better than 
Bonza 63). The poor yield of Sanora 64 is not representative 
because in the Quito, Ecuador environment of I965 and I966 it 
was attacked by Puccinia ^lumarum in spite of periodic fungi­
cide applications. Also, ¥t„ -Nar 59, the most semidwarf 
^3 
Table 4l. Suggested genetic constitutions for plant height 
for semidwarf wheat types reported by CIMMYT, 
Washington State and me 
Suggested 
genotype 
Classification 
CIMMYT 
Type Range 
(cm) 
AAbbCC Semidwarf Penjamo 62 80-90 
aaBBCC 
or AABBcc Double dwarf Sonora 64 70-80 
aabbCC 
or AAbbcc 
aaBBcc Triple dwarf Wt„ -Nar 59 5O-6O 
E3 
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Washington State Present investigation 
Classification Type Range 
(cm) 
Type Range 
(cm) 
Tall semldwarf (Sel.14x50-3)74-2 80-90 Penjamo 62 86-96 
Medium-tall 
semldwarf 
Gaines 70-80 Sonora 64 74-84 
Medium-short 
semldwarf 
(14x53) B6 60-70 Son 64-Skg/Ang 62-72 
Short 
semldwarf 
Selection l4 50-60 Wtp -Nar 59 
3 
48-58 
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strain, has some floret sterility (Vogel et al., 1956) which 
contributes to low yields. 
From yield comparisons of normal and semidwarf wheat 
Varieties McNeal et al. (I96O), Stickler and Pauli (I96I) and 
Porter et al. (1964) found no yield superiority for semidwarf 
varieties, whereas Mekasha (1958), Johnson et al. (1966b) and 
Vogel et al. (I963) did find yield superiority for the latter 
types. Norin 10, the original contributor of the semidwarf-
ness trait, is not outstanding for yield (Vogel et al., 1956) 
but it is the progenitor of the high yielding varieties Pltic 
62, Penjamo 62, Gaines and Sonora 64. Neither of the yield 
components, number of spikelets per spike and number of spikes 
per plant, was impressive in the semidwarf parents studied by 
other researchers (Mekasha, 1958; Powell, 1958; McNeal et al., 
I96O; Johnson et al., 1966b) nor in my study. Mekasha (1958) 
and McNeal et al. (I960) reported less tillering for semi-
dwarfs than for normal height varieties. 
In my study Napo 63 and Sonora 64 were early whereas 
A Q 
Crespo 63, Bonza 63 and Son 64-Skg/Ang were late and Wtg -Nar 
3 
59 was intermediate in maturity; thus the semidwarfness trait 
was not associated with maturity date. The genotypic correla­
tions I found between plant height and yield were consistently 
positive (r = 0.39) although not high. This suggests that 
ë 
selection of high yielding semidwarf strains would be possible, 
but less easy than selecting high yielding normal height 
strains. Genotypic correlations of plant height with number 
of spikes per plant and number of spikelets per spike were 
-0.11 and 0.37» respectively, showing low associations with 
plant height. In similar studies, Mekasha (1958) found a 
phenotypic correlation of 0.51 for plant height and tillers, 
whereas Powell (1958) found no correlation and Johnson et al. 
(1966a) found a genotypic correlation of 0.13: none of these 
correlations is sufficiently high to preclude combining the 
semidwarfness trait with high levels of yield and yield com­
ponent potentials. 
All in all, the information from other researchers and my 
data suggest that there is no a priori reason to expect that 
selection for semidwarfness in wheat will be accompanied by 
high genotypic potential for grain yield, grain yield compon­
ents or any other trait. Contrariwise, my results suggest a 
tendency for tallness to have genotypic association with high 
potential for yield and yield components. Consequently, it 
must be assumed that extremely high yielding varieties of semi-
dwarf wheats, such as Gaines, Penjamo 62 and Sonora 64 are 
specific masterpieces from the Washington State and Mexican 
wheat breeding programs. As a matter of fact, the primary 
attribute responsible for high yields from Gaines, Penjamo 62 
and Sonora 64 may be the ability of these varieties to with­
stand heavy applications of fertilizer without lodging. 
Of course, my data were collected on spaced plant and 
therefore may not be completely applicable for drawing 
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conclusions about production in commercial fields. 
Heritability percentages (Table 34) as calculated in the 
Var. F - Var. MP 
present investigation (H = — x 100), that is, 
utilizing the variance as estimator of the total genotypic 
and environmental variability and the pooled mid-parent 
Variance as estimator of the environmental contribution 
(Mahmud and Kramer, 1951), are designated as "broad sense" 
(Weber and Moorthy, 1952) because the numerator of the equa­
tion contains the additive, dominance and interaction genetic 
variations. 
Broad-sense heritability percentages for plant height, 
which in my study averaged 85, were consistent with 88^ report­
ed by Nandpuri and Poote (1958), 89^  by Allan et al. (I96I) 
and 61% by Johnson et al. (1966a). Narrow sense heritability 
Values for plant height were 75^ according to Merkle and Atkins 
(1964) and 45^ according to Johnson et al. (1966a). For days-
to-flowering my mean broad sense heritability was 6l^. 
Nandpuri and Poote (1958) found a heritability of 93% for 
days-to-flowering and Johnson et al. (1966a) reported 81^ and 
3èfo for broad and narrow sense heritability for this trait. 
For number of spikes per plant my mean heritability was 26^, 
a value that was similar to the found by Nandpuri and Poote 
(1958) and 25% obtained by Johnson et al. (1966a). Heritabil­
ity percentages for yield were reported by Johnson et al. 
(1966a) to be -2 in the broad and 10 in the narrow sense, where­
as in my study the mean heritability was klfo. Generally, the 
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heritability percentages I found were quite similar to those 
reported "by other wheat investigators. 
Heritability is useful for predicting the success of 
selection, so I applied the heritability percentages to calcu­
lating expected genetic gains from selection. My results sug­
gest that a kOfo gain could be expected from a 10% selection 
intensity for yield in the nine wheat crosses, whereas only a 
Z\.% gain would be expected for plant height which had a high 
L_ 
mean heritability. Of course, this results because the geno-
typic variances for yield were so large relative to plant 
heights On the other hand, it is unlikely that the AG's pre­
dicted would be realized for any trait for several reasons: 
(a) I have used broad sense heritability percentages which 
tend to include certain types of non-additive gene action, 
(b) my heritability percentages include certain genotype-
environment interaction terms as heritable, and (c) my data 
was collected from spaced plants, which is an abnormal cultur­
al system for wheat. 
The semidwarf trait has been shown to be a good trait to 
breed high yielding wheat varieties in spite of the fact that 
no positive evidence has been found for associations of semi-
dwarfness with high yield per se. Of course, the number of 
studies on semldwarfness are scarce, but due to the increasing 
utilization of semidwarf germ-plasm in wheat breeding programs 
it will be of basic importance to study this trait in detail to 
94 
try to understand "why" It works. Such knowledge will permit 
breeders to take full advantage of its potentials. 
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SUMMARY 
To determine the mode of Inheritance of the semidwarfness 
trait in wheat and the genotypic relationship of this charac­
ter to grain yield, number of spikes per plant, number of 
spikelets per spike, and date of maturity, 1. studied all of 
these traits and their interactions in nine wheat hybrids be­
tween three normal height varieties, Napo 63, Crespo 63 and 
Bonza 63, and three semidwarf varieties, Sonora 64, Son 64-
^ 3 Skg/Ang, and Wtg -Nar 59- Measurements were made on spaced 
plants of the narents and F^'s in I965 and of the parents and 
Fg's in 1966 at the Santa Catalina Experimental Station near 
Quito, Ecuador. 
In 1965 J the wheat plants were grown, one population 
(i.e., parent or F^) per plot, in a non replicated experiment, 
but in 1966, the six parent and nine F^ populations were grown 
in a randomized block design with four replicates. In the 
latter experiment the number of plants per parent varied be­
tween 242 and 28? and the number of plants per F^ populations 
varied from 78O to 906, Data were collected on a plant basis 
for number of spikelets per spike, number of spikes, grain 
yield, plant height, days-to-flowering, glume color and awn 
expression. 
Genetic analyses of the crosses showed an expression of 
partial dominance of tallness over semidwarfness. Degrees of 
dominance varied from 0.12 to O.9O. The variation in dominance 
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values among crosses when the three normal parents were crossed 
to a common semidwarf suggested that Napo 63, Crespo 63 and 
Bonza 63 may carry different alleles at the same plant height 
locus. It appeared that the normal varieties differed from 
X o 
the semidwarf varieties, Sonora 64, Son 64-Skg/Ang and Wt^ -
Nar 59 by alleles at one, two and two plant height loci, 
respectively. Apparently, a total of three independently 
segregating loci were present In my crosses; the dominant 
homozygote (i.e., AA, BB or CC) was 27 cm taller than the 
recessive homozygote (i.e., aa, bb or cc) at the A-a locus, 
13 cm taller at the B-b locus, and 26 cm taller at the C-c 
locus, and the Interlocus interaction for plant height was 
completely additive. The suggested genetic constitution for 
semidwarf and normal parental varieties used in my study are: 
Parent Height range Genotype 
Normal parents (100-120 cm) AABBCC 
Sonora 64 (74-84 cm) aaBBCC or AABBcc 
Son 64-Skg/Ang (62-72 cm) aabbCC or AAbbcc 
¥t„ -Nar 59 (48-58 cm) aaBBcc 
3 
Genotyplc correlations of plant height with yield and 
yield components were positive but not large enough to hinder 
a breeder from combining semidwarfness and good yielding 
ability. In general, plant height was not highly genotypically 
associated with any other trait. It was concluded that merely 
selecting for the semidwarfness trait would not a priori result 
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in the retention of strains that were high in tillering and 
yield or produced large spikes. The relatively low or zero 
associations found in my crosses is gratifying because this 
indicates that breeders could produce any combination of these 
traits with relative ease. 
Heritability percentages calculated in the broad sense 
were high for plant height (85^) and days to flowering (6l#) 
and moderate for yield (44^), spikelets per spike (40^) and 
spikes per plant {26%). However, the greatest expected genetic 
gain from selection was for yield (4l% of mean), whereas the 
relative gains for plant height, spikes per plant and spikelets 
per spike were 21#, 15% and 8^, respectively. Glume color and 
awn expression were each independent inherited monogenically 
with brown glume and awnlessness dominant. 
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